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FOREWORD 
Energy efficiency is becoming more popular as fossil energy sources are reducing in 
the world especially in the countries that do not adequate amount of fuel. In addition, 
fossil energy is not environmental friendly, it has several negative impacts on the 
environment. Life cycle analysis of a building can effect it’s energy efficiency. 
Façade design is important as it is moderator of enegy flows and should be taken into 
careful consideration in building design period. In this thesis research, different 
materials used in the façade to analysis the life cycle of two building.  
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Dr. Mustafa ERKAN KARAGÜLER for the support in this research study as much 
as his patience. His advice and points gave direction to my work.  
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July 2014 
 
Pooya  PAKMEHR 
         (Architect) 
 
 
 
 
 
 
 
 
 
 
  
viii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ix 
 
 
TABLE OF CONTENTS 
Page 
FOREWORD ................................................................................................................ vii 
TABLE OF CONTENTS ............................................................................................. ix 
ABBREVIATIONS ....................................................................................................... xi 
LIST OF TABLES ...................................................................................................... xiii 
LIST OF FIGURES ..................................................................................................... xv  
SUMMARY ................................................................................................................. xvii 
ÖZET ............................................................................................................................. xxi 
1. INTRODUCTION ...................................................................................................... 1 
1.1 Some Ecological Impacts of Buildings................................................................. 1 
1.1.1 Big holes in the ground .................................................................................. 2 
1.1.2 Founding the nest ............................................................................................ 3 
1.1.3 Environmental effect ...................................................................................... 3 
1.2 Energy and Building .............................................................................................. 4 
1.3 Energy in Turkey.................................................................................................... 5 
1.4 Optimizing Request for Energy and Material Demand ....................................... 5 
1.5 Purpose of Thesis ................................................................................................... 7 
2. SUSTAINABILITY ................................................................................................... 9 
2.1 Sustainable Construction ..................................................................................... 10 
2.1.1 Sustainable land ............................................................................................ 12 
2.1.2 Sustainable material...................................................................................... 12 
    2.1.2.1 Material and construction ..................................................................... 13 
    2.1.2.2 Wall systems .......................................................................................... 16 
    2.1.2.3 Concrete construction materials ........................................................... 16 
    2.1.2.4 Timber construction materials, benefits/costs ..................................... 17 
    2.1.2.5 Insulation materials ............................................................................... 19 
    2.1.2.6 Materials derived from space technology ............................................ 19 
2.1.3 Water ............................................................................................................. 22 
2.1.4 Energy............................................................................................................ 23 
2.1.5 Enhancement ecosystem .............................................................................. 24 
2.2 Life Cycle Considerations ................................................................................... 24 
2.2.1 LCA methodology ........................................................................................ 25 
2.2.2 Goal and scope definition............................................................................. 26 
2.2.3 Life cycle inventory analysis ....................................................................... 26 
    2.2.3.1 Selection of impact categories .............................................................. 27 
    2.2.3.2 Classification ......................................................................................... 28 
    2.2.3.3 Characterization ..................................................................................... 28 
2.2.4 Interpretation (LCI model) ........................................................................... 29 
3. LCA AND THE BUILDING SECTOR ................................................................ 31 
 
 
 
x 
 
 
 
Page 
 
3.1 The Building Body And Skin...............................................................................32 
3.2 From Material to Building....................................................................................33 
3.2.1 Building design-layout function and passive design orientation................33 
3.2.2 Material mix-used and recycled ...................................................................34 
3.3 Energy System Optimized ....................................................................................35 
3.4 Life Cycle Considerations ....................................................................................35 
3.4.1 Energy saving ................................................................................................35 
3.4.2 Embodied energy ...........................................................................................36 
    3.4.2.1 Building techniques for reducing embodied energy ............................37 
    3.4.2.2 Embodied energy of materials and transportation systems .................38 
        3.4.2.2.1 Transportation distance ..................................................................38 
        3.4.2.2.2 Transportation vehicle ....................................................................38 
        3.4.2.2.3 Transportation weight .....................................................................39 
    3.4.2.3 Embodied energy and CO2 emission....................................................39 
3.5 Operating Energy ..................................................................................................39 
3.5.1 Space heating .................................................................................................39 
3.5.2 Space cooling .................................................................................................40 
3.5.3 Lighting ..........................................................................................................42 
3.5.4 Ventilation. ....................................................................................................43 
3.6 Variability In LCA Results ..................................................................................43 
3.7 Case Studies ..........................................................................................................44 
3.7.1 A university building in USA (2003) ...........................................................44 
3.7.2 An office building in Bankok Thailand (2009) ...........................................47 
4. LCE CALCULATIONS AND SIMULATIONS ..................................................51 
4.1 Calculating The Embodied Energy of Both Buildings .......................................52 
4.2 Calculating The Embodied Carbon Of Both Buildings......................................54 
4.3 Transportation .......................................................................................................56 
4.4 Operating Energy ..................................................................................................59 
4.4.1 DesignBuilder simulation program ..............................................................59 
4.4.2 Simulation application of case study building.............................................61 
    4.4.2.1 Zones .......................................................................................................61 
    4.4.2.2 Gains data ...............................................................................................62 
    4.4.2.3 Timming .................................................................................................62 
    4.4.2.4 HVAC .....................................................................................................63 
4.4.3 Construction tab.............................................................................................64 
4.4.4 Building energy analysis ...............................................................................66 
5. Conclusion ..................................................................................................................67 
References ......................................................................................................................71 
Curriculum Vitae ..........................................................................................................75 
 
  
xi 
 
 
 
ABBREVIATIONS 
CBD : Central Business District 
CDD : Cooling degree days 
CIB : Conseil International du Batiment 
CIF : Carbon Intensity Factor 
DEDE : Department of Architecture Energy Development and Efficiency 
EBE : Embodied energy 
EBC : Embodied carbon 
EPA : Environmental Protection Agency 
ESD : Ecologically Sustainable Development 
EQ : Equest Simulation program 
GWP : Global Warming Potential 
HDD : Heating degree days 
ICE : Inventory of Carbon and Energy 
IO : Input-Output 
LCA : Life Cycle Assessment 
LCEA : Life Cycle Energy Assessment 
LCIA : Life Cycle Impact Assessment 
MMC : Modern Methods of Construction.  
PCM : Phase Change Materials 
PPP : the Planet, the People, the Profit 
SETAC          : Society of Environmental Toxicology and Chemistry 
VOC : Volatile Organic Compounds. 
ZIB : Zero Impact Building 
 
 
xii 
 
 
 
  
xiii 
 
 
 
LIST OF TABLES 
Page 
Table 2.1 : Some choices of materials and their impact on the environmen ............. 15 
Table 2.2 : Some features of airogel ............................................................................ 21 
Table 2.3 : Wall thickness and U-value of some construction materials ................... 22 
Table 4.1 : Technical details and embodied energy of materials in walls for home . 53 
Table 4.2 : Technical details and embodied energy of materials in walls for office 53  
Table 4.3 : Technical details and embodied carbon of materials which are used for    
home ............................................................................................................ 55 
Table 4.4 : Technical details and embodied carbon of materials which are used for 
office ............................................................................................................ 55  
Table 4.5 : CO2 emission during transportation for home material ........................... 57 
Table 4.6 : CO2 emission during transportation for office material ........................... 57 
Table 4.7 : Mechanical system input............................................................................ 63 
Table 4.8 : Wall type 1 .................................................................................................. 65 
Table 4.9 : Wall type 2 .................................................................................................. 65 
Table 4.9 : Wall type 3 .................................................................................................. 65 
 
  
xiv 
 
 
xv 
 
 
LIST OF FIGURES 
Page 
Figure 1.1 : Big hole in the ground ................................................................................ 2 
Figure 1.2 : Consumption of raw materials compared to global .................................. 5 
Figure 2.1 : Pillars of sustainability ............................................................................. 10 
Figure 2.2 : Influence of Lifecycle at planing phase................................................... 13 
Figure 2.3 : Prefabricated timber panel........................................................................ 17 
Figure 2.4 : Factors of impact categories..................................................................... 28 
Figure 2.5 : Illustration of converting CH4 to CO2 ..................................................... 29 
Fihure 3.1 : LCA of a building from planning, design and material specification to                       
disposal ..................................................................................................... 31 
Figure 3.2 : Recycling of some materials .................................................................... 46 
Figure 3.3 : Building energy efficiency policies in Thailand ..................................... 48 
Figure 3.4 : Distribution of the energy consumption by phase .................................. 50 
Figure 4.1 : Cradle to grave process ............................................................................ 52 
Figure 4.2 : Embodied energy of each wall ................................................................. 54 
Figure 4.3 : Embodied carbon of each wall ................................................................. 56 
Figure 4.4 : Whole CO2 emission from cradle to site ................................................ 59 
Figure 4.5 : 3D virtual model of the building.............................................................. 62 
Figure 4.6 : Activity tab ................................................................................................ 64 
Figure 4.7 : Operating energy for home and office..................................................... 66 
Figure 5.1 : LCA of two building during 50 years life span ...................................... 68 
 
 
 
 
 
 
xvi 
 
 
xvii 
 
 
EVALUATING THE LCA OF TWO BUILDINGS WITH CLOSE EMBODIED 
ENERGY WHICH HAVE DIFFERENT FUNCTIONS 
SUMMARY 
Annual energy consumption and annual global warming potential (GWP) decrease 
with improving the energy performance of the building, whereas the embodied 
energy and embodied GWP increase due to the extra material and products applied. 
The main goal of this study is to compare the embodied energy of a house and an 
office; and subsequently, analyse the relation between the embodied energy and the 
energy consumption of these two buildings during utilization phase. The study uses 
LCA framework as a tool to conduct a partial LCA, from cradle to site of the 
construction with three different wall types through 50 years usage phase.  
Turkey’s importance in the energy markets is growing, both as a regional energy 
transit hub and as a growing consumer. Turkey’s energy has increased rapidly over 
the last few years and likely will continue to grow in the future. Turkey imports 
nearly all of its oil supplies. Turkey is increasingly dependent on natural gas imports 
as its domestic consumption rises each year. Natural gas is used domestically mainly 
in the electric power sector. Hence, mandatory using LCA for all types of buildings 
can reduce country’s demand and affiliation to other countries.  
From life cycle point of view, there is a limit for thickness of insulation can be 
applied on external walls. Effort should be paid to the reduction of the energy 
consumption during the usage phase, as this phase still has the largest potential for 
improvement, both for new and old buildings. So, maybe using innovative material 
such as phase change materials in the building can be a good solution for this. 
Recent studies have addressed the issue of energy consumption in different types of 
buildings during their life span and considered the life cycle assessment (LCA) under 
the ISO 14040 series. Production of new software applications caused to increase the 
number of calculations during the usage phase of the building, through hourly energy 
simulation large amounts of energy can be saved.  
Life cycle of each building have steps that starts from exploitation of the material 
until factory (cradle to gate) and production then from factory to construction site, 
shown in figure 1. Cradle to gate is equal to sum of embodied energy, greenhouse 
gas emission and other gas emissions. For this study, first embodied energy and 
embodied carbon of each wall according to ICE database was calculated, and then 
Gabi simulation software used to calculate CO2 emission during transportation of 
materials from England to the site. 
Use phase starts with the occupants and their demand for electricity, heating and 
cooling, which is calculated with Design Builder simulation software. The last stage 
of the LCA according to ISO 14040 is disposal and consequently the emission parts. 
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On-site construction and demolition contribute almost 1% of LCA at the end of its 
service life, both are ignored through this study. 
Case studies are related to two buildings; first a house with three levels and second is 
an office with same number of levels and 154.8 m2 occupied area that located in 
Istanbul, Turkey. Three story house with 152 m2occupied floor area that occupants 
stay 12 hours a day at home except holidays. The object studied are external wall of 
two buildings with latitude of 40.97 and longitude of 28.82. The opaque surface for 
both of them considered to be 30 m2 and the void between floors make it possible to 
consider the whole building as a single zone because airchange will be occure. 
Moreover, density of 0.024 person per m2 modified for both functions so the number 
of occupants in both buildings are calculated to be four person. According to TS 825 
set point temperature adjusted to 19 Co and the setback temperature used to be 15 Co 
that means when occupants are not in the buildings the heating system does not let 
temperature to become less than 15 Co. 
Electricity from the grid is being used for all appliances and lighting system and gas 
is used for catering and mechanical systems; such as, heating and cooling. It is 
common in Turkey that people do not invest in the installation of cooler because, 
according to weather data provided in Design Builder weather format for Istanbul 
which is derived from International Weather for Energy Calculations (IWEC), during 
the summer, just few days temperature exceeds from comfort conditions.  
Heating system should be chosen based on space type and actual time schedule of 
usage. With concept of indoor temperature demand, it is feasable to enhance energy 
efficiency and reduce environmental impact without deteriorating the indoor 
environment. Hot water radiator heating with Coefficient of Performance (COP) of 
0.75 used for both buildings.  
Illuminance (lux) for different spaces should be different because the function of 
these two buildings and the time of usage is different. Energy consumption by 
lighting can also be diminished by minimizing their usage by matching their 
operations with demand through lighting controls which is used for both buildings. 
The lighting system for house is 150 lux and this amount for office is designed to be 
400 lux. According to ASHRAE 10.8 watt per meter square is used for lighting 
which can be achieved easily by using T8 fluorescent lamps. Here for equitable 
judgement between the walls and building functions, lighting electricity consumption 
considered to be 1910 kWh for both buildings which is calculated by Design builder 
simulation program, while whole building electricity consumption for home 6751 
kWh and for office is about 8713 kWh. This variation between the electricity 
consumption of two buildings is because of the appliences and office equipement.  
This study uses three different wall types with 3 different U values and thickness of 
almost 0.23 meters. According to TS 825 (2008) the standard wall for Istanbul 
should have 0.6 W/m2K  and 0.4 W/m2K for flat roof and 0.6 W/m2K  for ground 
floor. For this study three different wall types were considered with different U 
values and different materials. 
Despite climate and other differences, the study of some residential and non-
residential cases from nine countries revealed a linear relation between operating and 
total energy. Figure 6 shows the life cycle energy of two buildings with 3 wall type 
in a home and an office over 5, 10, 15 …, and 50 years. It includes embodied energy 
of the whole external façade at the end of construction, embodied carbon from cradle 
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to gate, and the operating energy. This amount will increase gradually during usage 
phase of the building. Since each year, both buildings consume high amount of 
energy to prepare comfort condition for occupants.  
The building industry uses great quantities of raw materials that also has high amount 
of energy consumption. Choosing materials with high-embodied energy not only 
cause high level of energy consumption in the building production stage but also 
determines future energy consumption in order to fulfill heating, cooling, ventilation 
and air conditioning demand.  
For each wall, quantity of the material in Kg should multiply by embodied energy, 
which is in MJ, and total EBE of each wall is equal to the sum of the components of 
each wall. Therefore, quantity of each material should multiply by  EBE and EBC. 
Then whole building embodied energy and embodied carbon for exterior walls can 
be calculated. There is not sufficient amount of data about the embodied energy of 
the materials in Turkey, so we suppose that all the materials are import from England 
since most embodied energy data are related to the University of Bath. 
This study attempts to calculate the CO2 emission during transportation with 
different vehicles such as, truck and ship. Most of the information about the 
embodied energy and embodied carbon of materials derived from Sustainable Energy 
research team of BATH University. Therefore, assuming that we are importing all 
material from UK is more logical. Distance between UK port and Turkey is almost 
6000 KM. We assume that in both countries the distance from factory to the port and 
from port to the construction site is 100 Km. Gabi simulation used to calculate the 
CO2 emission during transportation. Inputs for this software include distance and 
material weight while the total volume of the walls is almost 67 m3.  
The operation phase includes energy for space heating, cooling, and ventilation, 
appliances, miscellaneous, catering and lighting. The hot water demand and 
electricity consumption largely depend on the users. Since the building construction 
has minimum impact on the energy demand for hot water and household electricity. 
These demands were regulate for all buildings using Turkish Standard Institution. 
Many energy flows take place between building and its environment. One of the 
challenges in the design process is to understand the interaction between various 
aspects of building performance and their implications on different buildings control 
systems. There is considerable uncertainty in assessing the performance of a design if 
the dynamic and integrated response of the building and its environmental systems is 
not taken into account. 
Building energy simulation is a computer model of the several energy transfer 
processes within a building. Over the past 50years, a wide variety of building energy 
simulation programs have been developed, enhanced and are in use. The core tools 
are the whole building energy simulation programs that provide users with key 
building performance indicators such as energy use and demand, temperature, 
humidity and costs. 
In this case study, ‘design builder’ simulation program is used in assessing the 
energy performance of the building. Several data about climate, site, physical 
properties such as geometry and the building constructions, heating, cooling, 
performance of the HVAC systems, lighting systems and building activities are the 
required. These are the input for the advanced modeling and calculations. First the 
virtual building is modeled, then input data is loaded to this model, then building is 
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analyzed and results are obtained. Design builder is the user friendly graphical 
interface of EnergyPlus dynamic thermal simulation engine. It combines building 
modeling with dynamic energy simulation.  
Template data allow loading common building constructions, activities, HVAC and 
lighting systems into design. Heating and cooling loads, calculating heating and 
cooling equipment sizes, heat transmission through building fabric including walls, 
roofs, infiltration and ventilation, thermal simulation of naturally ventilated 
buildings, evaluating façade options for overheating and visual appearance, day 
lighting models lighting control systems and calculates saving in electric lighting, 
visualization of site layouts and solar shading, site weather data, internal air, mean 
radiant and operative temperatures and humidity, CO2 generation, comfort output 
including under heating and over heating hours, fuel use and… etc. Simulation data 
is shown in annual, monthly, daily, hourly or sub-hourly intervals. Here we just need 
annual simulation results.  
The most important tool currently being used to determine the impacts of building 
material is life cycle assessment. LCA can be defined as a methodology for assessing 
the environmental performance of a service, process, or product, including a building 
over its whole life cycle. Through this process; different studies based on parameters, 
factors and databases such as Ecoinvent Unit process database, Franklin USA 98 
database and Gabi database are available.  
In the conclusion part, the LCA of different wall types in each building compared 
with submitting the reasons. Insulation materials in each wall has the highest 
embodied energy and embodied carbon, so finding the optimum amount of insulation 
in each wall helps to reduce the EBE and CO2 emission. Although, Cast concrete 
with high density is not a good choice for importing, since plenty of cast concrete 
should be used to reach the desired U value except using more aerogel that increase 
both EBE and EBC. 
Insulation materials in each wall has the highest embodied energy and embodied 
carbon, so finding the optimum amount of insulation in each wall helps to reduce the 
EBE and CO2 emission. Moreover, using aerogel between layers of cast concrete 
does not a good solution for building industry, because CO2 emission of such wall is 
high. For most of the buildings around the world with close climate to Istanbul that 
are made with aerated concrete and EPS are preferable to cast concrete and aerogel.  
Rarely the building demolishes before the end of its life, unless, natural disasters 
such as earthquake does not happen. Therefore, evaluating the life span of each wall 
will help us to decide more confidently about the performance of that. For future 
studies, it should be a good opportunity to do some durability tests in laboratory. 
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FARKLI İŞLEVLERE SAHİP OLAN İKİ BİNANIN ÜÇ TÜR DUVAR 
KULLANARAK YAŞAM DÖNGÜSÜNÜN DEĞERLENDİRİLMESİ 
ÖZET 
Tasarım, insan-çevre koşullarına, geleneğe ve ekonomik etkenlere bağlı olarak, 
toplumsal bir düşünüş ile, tasarımcının kendisinde varolan fonksiyonel çözüm 
yeteneği, strüktür bilgisi, malzeme kullanma tekniği ve estetik yaklaşımı sonucu 
belirlenir.  
Tasarımcının bu sonucu ortaya koyan çalışmaları, projelendirme ve uygulama olarak 
iki aşamada gerçekleşir. Bir tasarımda aranılan özellikleri genelde tanımlayacak 
olursak, bunlar, amacına uygun olması, sağlamlığı, estetik değer taşıması ve 
ekonomikliği olmak üzere dört maddede özetlenebilir.  
Tasarım oluşumuna genelde ufak bir parça olarak giren malzeme, stüktürü kuran ve 
tasarımın belli bir biçime ulaşmasını sağlayan bir elemandır. Kullanım olanaklarının 
sınırlı olduğu 19. yüzyıla kadarki dönemlerde malzemenin konstrüksiyon ve forma 
etkisini ayrı ayrı irdelemek zordur. Çünkü tasrımın konstrüksiyon ve formu 
doğurmaktadır. Malzemenin çıkarılması ve fabrikadaki üretim süresi ve ardından 
fabrikadan şantiyeye gönderilmesi yaşam döngüsünün sıradaki adımlarındandır. 
Dolayısıyla, malzemenin, konstrüksiyon, formu ve enerjisi belirleyen önemli bir 
etken olduğunu söylemek zorunludur.  
Bir Binanın enerji performansının geliştirilmesi ile, gömülü enerji ve küresel ısınma 
potansiyelinin ekstra malzeme kullanımının artmasına karşın, yıllık enerji tüketimi 
ve yıllık küresel ısınma potansiyeli azalır. Bu çalışmanın temel amacı bir ev ve bir 
ofisde gömülü enerjinin karşılaştırılması ve bunu takiben, bu iki binanin gömülü 
enerji ve enerji tüketimi arasındaki ilişkiyi kullanım aşamasında analiz etmektir. Bu 
çalışma, yaşam döngüsü analizi yapmak için bir araç olarak LCA yapısını kullanır. 
50 yıllık kullanım aşamasında üç farklı duvar tipi kullanılarak beşikten inşaat 
sahasına kadar yaşam döngüsü analizi yapılmıştır. 
Bölgesel enerji geçiş merkezi  ve büyüyen bir tüketici olarak Türkiye'nin enerji 
piyasalarında önemi artmaktadır. Türkiye'nin enerji tüketimi son yıllarda hızla 
artmaktadır ve büyük olasılıkla gelecekte de büyümeye devam edecektir. Türkiye'nin 
petrol kaynaklarının neredeyse hemen hemen tümü ithal edilmektedir. Türkiye, doğal 
gazın iç piyasadaki tüketim artısına bağlı olarak, artan bir şekilde doğal gaza bağımlı 
olmaktadır. Doğal gaz, yurtiçinde ağırlıklı olarak elektrik enerjisi sektöründe 
kullanılmaktadır. Bundan dolayı, yaşam döngüsü analizinin zorunlu olarak tüm bina 
türleri için uygulanması,  diğer ülkelere olan talep ve bağımlılığı azaltabilir. 
Yaşam döngüsü açısından bakıldığında, dış duvarlara uygunalanabilecek bir ısı 
yalıtım kalınlığı sınırı vardır. Kullanım aşamasında enerji tüketiminin azaltılmasına 
dikkat edilebilir ve bu aşama eski ve yeni binalarin geliştirilmesi için büyük bir 
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iyileşme potansiyeline sahiptir. Bu yüzden, yenilikçi malzemeler, örneğin, faz 
değişim malzemelerinin kullanımı iyi bir çözüm olabilir. 
Son çalışmalar farklı yapıların ömür boyunca  enerji tüketimini gösteriyor ve yaşam 
döngüsü değerlendirmesi ISO 14040 serisi altında dikkate alıyor. Binanın kullanım 
aşamasında, yeni yazılım uygulamaların üretimi, hesaplamaların sayısını arttırmaya 
sebep olmaktadır. Saatlik enerji simülasyon yoluyla büyük miktarda enerji 
saklanabilir. 
Her binanın yaşam döngüsünün adımları malzemenin çıkarılmasıyla başlar ve 
fabrikaya kadar sürer (beşikten mezara). Fabrikadaki üretim süresi ve ardından 
fabrikadan şantiyeye gönderilmesi yaşam döngüsünün sıradaki adımlarındandır. 
Gömülü enerji, sera gazı emisyonu ve diğer gaz emisyonların toplamıyla beşikten 
mezara enerji eşittir. Bu çalışma için, ilk olarak bütün duvarların gömülü enerji ve 
karbondioksit ICE veritabanına göre hesaplanır. Daha sonra, İngiltere'den Siteye 
kadar malzemelerin taşıma sırasında meydana gelen CO2 emisyonunu hesaplamak 
için Gabi simülasyon yazılımı kullanılır. Kullanım aşaması bina sakinleriyle başlar 
ve elektrik, ısınma ve soğutma talepleri DesignBuilder simülasyon yazılımıyla 
hesaplanır. ISO 14040 e göre yaşam döngüsü analizinin son aşaması imha etme ve 
emisyon kısmıdır. Yapım ve yıkımın  yaşam döngüsüne katkısı yaklaşık olarak % 1 
olup bu etki görmezden gelinir. 
iki bina ile ilgili yapılmış çalışmalara göre, İstanbul merkezli üç katlı  ev 152 m2 ve 
aynı katlı bir ofis 154.8 m2 alana sahiptir. Evin sakinleri tatil günleri dışında günde 
12 saat evde kalmaktadırlar. Çalışılan binaların coğrafik olarak koordinatları 40,97 
enlemi ve 28,82 boylamıdır. Opak yüzey her ikisinde de 30 m2 ve katlar arasındaki 
boşluk nedeniyle hava akımı oluşacak şekilde tüm bina tek bir zon olarak kabul 
edildi. Ayrıca, kişi başına yoğunluğu 0.024 m2 olacak şekilde her iki bina için 
modifiye edildi. Böylece her iki binada oturanların sayısı dört kişi olmak üzere 
hesaplandı. TS 825 e göre set point sıcaklığı 19 Co ve set back sıcaklığı 15 Co olarak 
ayarlandı. Yani, sakinler binada değilken  ısıtma sistemi sıcaklığı sabit olarak 15 C0 
ayarlamaktadır. 
Tüm cihazlar ve aydınlatma sistemi için şebeke elektriği, ocak ve mekanik sistemler 
için, ısıtma ve soğutma gibi, gaz kullanılmıştır. Türkiye'de insanlar soğutma sistemi 
uzere yatırım yapmamaktadır çünkü, International Weather for Energy Calculations 
(IWEC)e verilerine dayanarak  İstanbul Dessign Builder de alınan bilgilere göre yaz 
aylarında, sadece birkaç gün sıcaklık konfor şartlarını aşmaktadır.  
Isıtma sistemi alan tipi ve kullanım zaman çizelgesine göre seçilmiştir.  İç ortam 
sıcaklığı talep konsepti ile, iç ortamı bozmadan  enerji verimliliğini artırmak ve 
çevresel etkilerini azaltmak mümkündür. Her iki binada sıcak su radyatörun ısınmasi 
için Performans Katsayısı 0,75 (COP) kullanılmıştır. 
Bu iki bina fonksiyonu ve kullanım süresi farkından dolayı aydınlık (lux) farklı 
olmalıdır. Enerji tüketimi aydınlatma tarafından de azalmış olabilir. Her iki bina için 
kullanılan aydınlatma kontrolleri ve operasyonlarını eşleştirilmesi yoluyla elektrık 
tüketimini en aza indirmiştir. Ev için aydınlatma sistemi 150 lux ve ofis için 400 lux 
olacak şekilde tasarlanmıştır. ASHRAE göre metre kare başına 10.8 watt aydınlatma 
kullanılmalıdır. Bu değer de T8 floresan lambalar kullanılarak rahatlıkla elde 
edilebilir. Burada duvarlar ve yapı fonksiyonları arasındaki adil bir yargılama için, 
aydınlatma her iki bina için 1910 kWh olarak kabul edilmiştir, ki bu  da Design 
Builder similasyon programı tarafından hesaplanmıştır. İki binanın toplam elektrik 
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tüketimi ev için yaklaşık 6751 kWh ve ofis için yaklaşık 8713 kWh belirlenmişir. İki 
binanin elektrik tüketimi arasındaki varyasyon cihazlar ve ofis ekipmanları nedeniyle 
meydana gelmiştir. Bu çalışmada 0.23 metre kalınlığında 3 farklı duvar türü ve farklı 
U değerleri kullanılmıştır. İstanbul için TS 825'e (2008) göre standart duvar 0,6 
W/m2K, düz çatı için 0.4 W/m2K ve zemin kat için 0,6 W/m2K olmalıdır. Bu çalışma 
için üç farklı duvar tipi, farklı malzemeler ve farklı U değerleri kabul edilmiştir.  
Ahşap, diğer yapı malzemelerinden biraz farklı olarak, belki de canlı bir dokunun 
ürünü olması nedeniyle, yapılarımızda daha çok görmek istediğimiz sıcak bir 
malzemedir. Ancak, özellikle ekonomik nedenlere çağımızda kullanılması gittikçe 
zorlaşan doğal ahşap, günümüzün ileri teknik imkanları ile homojen ve izotrop bir 
malzeme olarak geliştirilmiş, böylece ölçü bakımından yapıda kullanılmaya elverişli 
olmayan ahşap ve diğer bitkilerden, kıymetli ağaçlardan en fazla yararlanma 
imkanlarını getiren, fabrikasyon ürünü, ekonomik amaçlı ve yapıda doğal ahşaptan 
daha geniş olanaklara sahip, doğal ahşaptan üretilmiş suni ahşap malzemeler 
yapılarımızda kullanılmaya başlamıştır.  
Kontrplağın teknolojik özelikleri üzerine etkil olan en önemli faktör üretiminde 
kulanılan ağaç türüdür. Birçok ağaç türü kontrplak üretiminde değerlendirile 
bilmektedir. Ancak genel, dekoratif yada yapı maksatlı kulanılacak kontrplak 
üretiminde ağaç türünün seçimi önemli bulunmaktadır. Ülkemizde genel amaçlı 
kontrplakların üretiminde okume, kayın ve melez kavak türleri daha çok 
kulanılmaktadır.  
İklim ve diğer farklılıklara rağmen, dokuz ülkeden konut ve konut dışı olguların 
çalışması işletme ve toplam enerji arasında doğrusal bir ilişki göstermiştir. Yaşam 
döngüsü enerji analizi iki bina tipi, bir ev ve bir ofisde, 3 tür duvar ile 5, 10, 15 ... ve 
50 yılda hesaplanmıştır. Bu yapı inşaat sonunda bütün dış cephenin gömülü 
enerjisini, beşikten kapıya ve işletim enerjisini içerir. Bu miktar, binanın kullanım 
aşamasında yavaş yavaş artacaktır. Çünkü her sene bina sakinlerinin konfor koşulunu 
hazırlamak için yüksek miktarda enerji tüketilmektedir.  
İnşaat sektöründe hammadde büyük miktarlarda kullanılır ve yüksek miktarda enerji 
tüketilir. Yapı üretim aşamasında yüksek gömülü enerjili malzeme seçimi sadece 
yüksek enerji tüketimi değil, aynı zamanda gelecekteki enerji tüketimi ısıtma, 
soğutma, havalandırma ve klima talebini karşılamak amacıyla belirlenmektedir.  
Her bir duvar için malzeme miktarı (kg), gömülü enerji (MJ) ile çarpılmıştır ve her 
bir duvarın toplam gömülü enerjisi, bileşenlerin toplamına eşittir. Bu nedenle, her 
malzemenin miktarı gömülü enerji ve gömülü karbondioksitle çarpılmıştır. Bütün 
bina dış duvarlar için gömülü enerji ve gömülü karbon hesaplanmıştır. Türkiye'de 
malzemelerin gömülü enerjisi ile ilgili yeterli miktarda veri yok. Verilerin çoğu Bath 
Üniversitesi’ne ait olduğu için, tüm malzemelerin İngiltere'den ithal edilmesi 
düşünülmektedir .  
Bu çalışma, taşıma sırasındakİ farklı araçların örneğin kamyon ve gemi gibi CO2 
EMİSYONUNU hesaplıyor.  Malzemedeki gömülü enerji ve gömülü karbon ile ilgili 
bilgilerin çoğu Bath Üniversitesi Sürdürülebilir Enerji araştırma ekibi tarafindan 
türetilmiştir. Bu nedenle, tüm malzemenin İngiltere'den ithal olduğunu varsaymak 
daha mantıklıdır. İngiltere limanı ile Türkiye arasındaki mesafe yaklaşık 6000 
km’dir. Her iki ülkede de mesafe fabrikadan limana ve limandan şantiyeye 100 km 
olduğu varsayılmıştır. Taşıma sırasında Gabi simülasyon programın CO2 
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emisyonunu hesaplamak için kullanılmıştır. Bu yazılıma mesafe ve malzeme ağırlığı 
verileri dahildir ve duvarların toplam hacmi yaklaşık 67 m3’dür.  
Birçok enerji akışı bina ve çevresi arasında gerçekleşebilir. Tasarım sürecinin 
zorluklarından biri binanın etkileşimi arasındaki çeşitli performans yönlerinin farklı 
kontrol sistemleri üzerindeki etkilerini binalarda anlamaktır. Eğer binanın dinamik, 
entegre tepkisi ve çevresel sistemleri dikkate alınmazsa, tasarımın performansını 
değerlendirirken önemli belirsizlik oluşmaktadır.  
Enerji simülasyonu, bina içinde çeşitli enerji transfer süreçlerinin bir bilgisayar 
modelidir. Son 50 yılda, bina enerji simülasyon programları geniş bir yelpazede 
geliştirilmiş, çeşitlendirilmiş ve kullanılmıştır. Çekirdek araçları, tüm bina enerji 
simülasyon programlarını, yapı performans göstergelerini örneğin enerji kullanımı ve 
talebi, sıcaklık, nem ve maliyetler gibi sunuyor.  
Bu çalışmada, DesignBuilder simülasyon programı binanın enerji performansını 
değerlendirmesi icin kullanılmıştır. iklim konusunda çeşitli veriler, site, fiziksel 
özellikler, geometri ve bina konstrüksiyon gibi, ısıtma, soğutma, HVAC 
sistemlerinin performansı, aydınlatma sistemleri ve kapasite geliştirme faaliyetlerine 
gereklidir. Bu veriler gelişmiş bir modelleme ve hesaplamalar için girilir. İlk olarak, 
sanal yapı giriş verileri bu modele yüklenir; model, daha sonra yapı analiz edilir ve 
sonuçlar elde edilir. DesignBuilder, EnergyPlus’ın dinamik termal simülasyon 
motorunun kullanıcı dostu bir arayüzüdür. Bu arayüz bina modellemesi ve dinamik 
enerji simülasyonun bir araya getirmiştir.  
Şablon bilgileri ortak bina konstrüksiyon faaliyetleri, HVAC ve aydınlatma 
sistemleri modelleme yüklemesine izin vermektedir. Isıtma ve soğutma yükleri, 
ısıtma ve soğutma ekipman boyutlarının hesaplaması, ısı iletimi duvarların ve 
çatıların dokusu, infiltrasyon ve havalandırma, binalarda doğal havalandırılan 
simülasyonu, aşırı ısınma ve görsel görünüm için cephe seçeneklerinin 
değerlendirilmesi, aydınlatma sistemlerin kontrolu, aydınlatmada elektrik tasarrufu 
hesapları, site düzeni ve güneş gölgeleme elemanlarının görselleştirmesi, hava 
verileri, iç hava, radyant ortalama, nem ve işlevsel sıcaklık, CO2 üretimi, konfor 
çıktısı, fazla ısınma ve ısıtma altı da dahil olmak üzere yakıt kullanımı vb. 
simülasyon sonuçları yıllık, aylık, günlük, saatlik aralıklarla gösterilmiştir. Burada 
sadece yıllık simülasyon sonuçlarına ihtiyacımız var.  
Şu anda yapı malzemesi etkilerini belirlemek için kullanılan en önemli araç yaşam 
döngüsü değerlendirmesidir. LCA bir hizmetin süreç veya ürünün bütün yaşam 
döngüsü boyunca bir binanın çevresel performansını değerlendirmesi için bir yöntem 
olarak tanımlanmıştır. Bu süreçte parametrelere göre, farklı çalışmalar, faktörler ve 
veri tabanları, örneğin ECOINVENT Unit süreç veritabanı olarak, Franklin USA 98 
veritabanı ve Gabi veritabanı mevcuttur.  
Sonuç bölümünde ise, yaşam döngüsü analizi her binada farklı duvar tiplerinde 
yapılmıştır ve sonuçlar karşılaştırılmıştır. Her duvarda yalıtım malzemeleri en 
yüksek gömülü enerji ve karbona sahiptir. Böylece her duvarda yalıtımın optimum 
miktarını bulmak EBE ve CO2 emisyonunu azaltmaya yardımcı olur. Ayrıca, yüksek 
yoğunluklu dökme beton ithalat için iyi bir seçim değildir, çünkü İstenilen U 
değerine ulaşmak için bol miktarda dökme beton kullanılmalıdır yoksa fazla aerojel 
kullanılırsa EBE ve EBC’nı da arttıracaktır.  
Deprem gibi doğal afetler olmadıkça, nadiren bir yapı ömrünün sonundan önce tahrip 
edilir. Bu nedenle, her duvarın ömrünü değerlendirilmesi bunun performansı 
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hakkında bize daha sağlıklı karar vermeye yardımcı olacaktır. Gelecekteki çalışmalar 
için, laboratuvarda bazı dayanıklılık testleri yapmak iyi bir fırsat olabilir.  
Bir mimarın, rasyonel planlama kararları alırken, yapı içinde yaşayan insanın 
konfounu doğrudan etkileyen ver birbirleri arasında uyumsuz bir ilişkiye 
düşmemeleri gereken malzeme topluluğunu biçımlendirmedeki ustalığı elde etmesı, 
şüphesiz kolay değildir. Ülke kültür ve teknolojisinin bir göstergesi olan mimarlık 
yapıtlarının oluşturulması, kanımızca, malzemenin rasyonel kullanımı ile yakından 
ilişkilidir.  
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1.  INTRODUCTION 
In the past many of the products used into a construction were found and 
manufactured on site. Such materials as stone, timber and mud have been the most 
common to be used in building structure. Nowadays these materials are to be 
replaced by concrete, steel and bricks. The newly sophisticated techniques of 
building, consume greater amounts of energy due to the usage of heavy machinery. 
In the past most of the construction materials were manufactured by hand or used in 
a raw form, which means no energy was used to build a house.  
1.1 Some Ecological Impcats of Buildings 
Buildings leave footprints (impacts) on the environment in many different ways. 
They may visually enhance it or they may be considered as an ugly things; they can 
influence local climates by changing wind patterns or creating shade where sunlight 
never reaches. Such effects are direct and obvious, although it is only by looking 
back that we become aware of such footprints. Such considerations are the concern 
of urban and town planners as well as architects (Thomas, Fordham and Partners, 
1996). 
An increase in the world’s population and the economic development policies after 
the second world war increased the consumption of natural resources and caused 
environmental pollution due to mass production and construction (Meadows and 
others, 1972).  
Buildings are large entities so it is not surprising that they can leave large footprints. 
It is the environmental impacts of the materials and energy that buildings consume in 
their construction and operation, and what building designers can do to reduce such 
impacts (Thomas, Fordham and Partners, 1996). 
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The footprint of the procurement of materials: 
1.1.1 Big holes in the ground  
Big holes in the ground include footprints resulting from land being cleared of 
vegetation and topsoil and excavation for the placement of the building. Often the 
site is cut and filled to further modify its contour and make it level for ease of 
construction. The cumulative effect of such action may result in the vacant flat 
landscape associated with buildings that spread out over a wide area (Lawson, 1996).  
Big holes in the ground are also created in order to obtain the raw materials and 
components are produced. The procurement of minerals, fossil fuels and timber 
significantly scar the landscape. In a big, sparsely populated country such as 
Australia, rich in natural resources, history tells us it was usually possible to move on 
from one worked out quarry, mine or forest, find another suitable site and start again. 
The resource appeared to be inexhaustible, infinite. The footprints left behind, if 
considered at all, were thought of as the price of the progress (Lawson, 1996). 
 
Figur 1.1: Big hole in the ground (URL 1). 
The big hole in the ground, is what is left of the abandoned diamond mine of Mir, in 
Russia. Of course, the hole, in itself, is no big problem (unless you happen to be 
walking around there by night, drunk). The problem is that the mine is gone - it doesn't 
produce diamonds anymore and most likely it never will. It is an illustration of a very 
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general phenomenon. We have been drilling holes all over the planet to take out 
minerals. Not all these activities left such spectacular holes, but the problem is 
always the same. You dig, you take what you want, then there is nothing left (Bardi, 
2012). 
1.1.2 Founding the nest 
The act of getting rid of dangerous wastes in remote areas of the environment is not 
new but now space to do this is running out and large quantities of waste are being 
accumulated, often close to centers of habitation. The production of toxic wastes or 
effluents which are not dealt with in an environmentally sound manner results from 
three elements of the building process: the production of the building; its operation 
and use, including maintenance and refurbishment; and, its eventual demolition 
(Thomas, Fordham and Partners, 1996).  
The construction activity can also generate wastes which are harmful to the 
environment, ranging from water contaminated with cement through paints, acids 
and insecticides, to offcuts of solid materials. These may vary considerably in their 
environmental impacts depending on the manner of disposal (Thomas, Fordham and 
Partners, 1996).  
1.1.3 Environmental effect 
The major greenhouse gases, carbon dioxide (CO2) and methane (CH4) are produced 
from naturally occurring processes and human activities. Chlorofluorocarbons 
(CFCs) act as both greenhouse gases and ozone depletes and result only from human 
actions. The accumulation of greenhouse gases in the atmosphere keeps the 
temperature on the earth surface within a range essential to life as we know it. The 
increased concentration of these gases may lead to global warming and serious 
environmental impacts such as sea level rise.  
Clean, dry air near sea level has the following approximate composition:   
 Nitrogen (N2) 78%, 
 Oxygen (O2) 21%,  
 Argon (AR) 1%,  
 Carbon dioxide (CO2) 0.03%. 
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In addition, there are trace amounts of hydrogen, neon, krypton and a number of 
other gases as well as varying amounts of water vapor and small quantities of solid 
matter. Because of rising Co2 production resulting from human activities, the CO2 
level in much of the atmosphere air is higher, at about 0.035%.  
Pollutants in the air include:  
- Nitric oxide (NO) and nitrogen dioxide (NO2), known collectively as NOx  
- Sulfur dioxide (SO2) and, to a lesser extent, sulfur trioxide (SO3), known as SOx  
- Volatile organic compounds (VOC), including benzene and butane 
- Carbon monoxide 
- Lead 
- Ozone. 
A number of these pollutants result from the combustion of fossil fuels to meet our 
energy demands (Thomas, Fordham and Partners, 1996). 
1.2 Energy and Building  
On 3 February 1695 at Versailles inside the Hall of Mirrors it is said that the 
temperature dropped to the point where wine and water froze in the glasses. It was an 
exceptionally cold year, but even in more mild time the heating system – consisting 
of two open fire places – consumed and furnished only relatively small amounts of 
energy. The energy that had saved into the wall and decoration was significant. Both 
the running energy and initial energy were derived  mainly from renewable sources, 
in particular wood, water and wind power; coal was available and had, for example, 
been used at least since the twelfth century for lime production, but its cost limited 
its employment.  
By contrast, energy inputs for running buildings now tend to be much greater than 
the initial energy inputs. Initial energy, or, more precisely, embodied energy, has 
been defined as the energy used to win raw materials, convert them to construction 
materials, products or components, transport the raw materials through all stages, 
intermediate and final products and built them into structures (Thomas, Fordham and 
Partners, 1996). 
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1.3 Energy in Turkey 
Turkey’s importance in the energy markets is growing, both as a regional energy 
transit hub and as a growing consumer. Turkey’s energy has increased rapidly over 
the last few years and likely will continue to grow in the future. Concurrent with 
Turkey’s economic expansion, its crude oil consumption has increased over the last 
decade with very limited domestic reserves. Turkey imports nearly all of its oil 
supplies. Turkey is increasingly dependent on natural gas imports as its domestic 
consumption rises each year. Natural gas is used domestically mainly in the electric 
power sector (EIA, 2013). Hence, mandatory using a method for all types of 
buildings can reduce country’s demand and affiliation to other countries.  
1.4 Optimizing Request for Energy and Material Demand 
Climate change is not the only challenge that will be faced by the building industry 
during the next century. Several factors will come together make the life of 
developers, designers and builders difficult. 
As below Figure 1.2 shows, 5 major industrialized countries consumed about half of 
the global consumption of Copper, Aluminum and Nickel, and for other materials 
such as Iron, Crude Steel, Zinc and Tin, the consumption levels of the same 5 
countries represented between 2 to 4 times more than their proportions of the global 
population. During the last 5 years, priced for some of these key materials have risen 
sharply, and then fallen again. The rapid economic growth of Brazil, China, India, 
Indonesia, and Russia will increase the competition to extract more raw materials, 
but it is apparent that we will reach a point within the next three decades when 
scarcity coupled with demand will raise prices to levels that would currently be 
considered clearly unsustainable. Obviously, projects will still be built, but it seems 
inevitable that they will be very costly and that they will have to serve purposes that 
are of an urgent nature (Rovers, Kimman, Rovesloot, 2010).  
The primary problem that has weakened previous attempts to define a zero impact 
use of resources is the tendency of researchers to deal with every resource separately, 
regardless of the total CO2 emissions. In fact, sustainable building design should aim 
to optimize the use of all resources. More importantly, each and every resource used 
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in the building has a history of energy consumption behind it: the energy of 
transporting  
Figure 1.2 : Consumption of raw materials compared to global population (Rovers, 
Kimman, Rovesloot, 2010). 
manufacturing, transporting and processing the resource. Therefore, in order to truly 
achieve zero impact, we need to be willing to see and deal with all the resource’s 
phases and to follow a more integrated approach that takes this into account. 
Moreover, it would be beneficial to create a CO2 index for every resource so that we 
have a consistent understanding of the resource’s impact within the building process. 
Secondly, the existing parameters derive from the idea of neutralizing the resource 
consumption and define this as zero impact. In fact, the “break even” approach is 
very limiting. Restricting the boundaries to ‘zero' or ‘net zero' is misguided because 
it discourages the potential to research how buildings can in fact generate a resource. 
A comprehensive definition Zero Impact Buildings (ZIB) would emphasize the 
viability of renewable resources. The zero goals limit innovation and creativity in 
achieving long-term sustainable building practices. If energy generated on site or 
water collected on site prove to be abundant resources, why then should we limit our 
objectives to zero? 
Thirdly, most definitions focus on linking resource consumption efficiency to 
building area without considering the occupancy size. In fact, taking into 
consideration the needs of occupants with regard to the standards is equally as 
important as building area in achieving consumption efficiency.  
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1.5 Purpose of Thesis 
Due to the growing threat of climate change, we are challenged to find improved 
assessment practice to recognize solutions for sustainability. The main goal of this 
study is to compare the embodied energy, embodied carbon and the energy 
performance of a house and an office; and subsequently, analyse the relation between 
the embodied energy and the energy consumption of these two buildings during 
utilization phase. The study uses LCA framework which will be explain in Chapter 3, 
as a tool to conduct a partial LCA, from cradle to site of the construction with three 
different wall types through 50 years usage phase. Furthermore, understanding the 
environmental burdens of defined building materials in the area of construction and 
transportation will be considered. It can be used to identify environmental hotspots in 
a system so that these can be targeted to reduce the measures.  The studies can also 
be used as a benchmark for future work and comparison with other studies. This 
study can be used to help support national and international building material 
emission reduction targets.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9 
 
2.  SUSTAINABILITY 
In the past many of the products used into a construction were found and 
manufactured on site. Such materials as stone, timber and mud have been the most 
common to be used in building structure. Nowadays these materials are to be 
replaced by concrete, steel and bricks. The newly sophisticated techniques of 
building, consume greater amounts of energy due to the usage of heavy machinery. 
In the past most of the construction materials were manufactured by hand or used in 
a raw form, which means no energy was used to build a house.  
Other definitions have developed this further, some focusing on issues of social 
equity and cultural identity, others alluding to an interpretation of prosperity which is 
not necessarily based on materialism and conventional concepts of economic growth. 
In all definitions the need for a long term view is central, and conservation and 
preservation of the physical environment are key concepts (Thomas, Fordham and 
Partners, 1996). 
Triple bottom lines are often identifying improvement in the environment, social, and 
economic performance as a result of sustainability (Waheed, Khan, and Veitch, 
2009). Any attempt toward true improvement in sustainability must consider all three 
pillars, not just one or two. LCA deals mainly with the environmental impact of 
products, and it is difficult or impossible to incorporate economic and social 
concerns in most cases (ISO 14040, 2006). While cost can sometimes be quantified 
in impact assessment, it is not normally part of a life cycle inventory. Social issues 
are extremely broad and usually too qualitative to put in life cycle assessment (LCA) 
model; only those factors that can be quantified, such as a carcinogenic emission’s 
impact on human cancer rates, can be considered in impact assessment. Therefore, 
LCA presents only a partial picture of how a product may impact sustainability 
concerns from a truly holistic viewpoint. 
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Figure 2.1 : Pillars of sustainability (URL-2) 
The EU decided in 2008 to cut its greenhouse gas emissions. It showed its 
commitment to tackling the climate change threat and to lead the world in 
demonstrating how this could be done. The agreed to reduce 20% of greenhouse 
gases level from 1990 to 2020. Using 20% renewables target, was a crucial step for 
the EU's sustainable development. and a clear signal to the rest of the world that the 
EU was ready to take the action required. The EU will meet its Kyoto Protocol target 
and has a strong track record in climate action. 
It is clear that action by the only EU will not be enough to combat climate change 
and also that a 20% reduce by the EU is not the end of the story. It is not possible to 
deliver the goal of keeping global temperature increase below 2°C compared to pre-
industrial levels with the actions alone with EU. All countries will need to make an 
additional effort, including cuts of 80-95% by 2050 by developed countries. An EU 
target of 20% by 2020 is first step to put emissions onto this path (European 
Commıssıon , 2010). 
2.1 Sustainable Construction 
The terms such as high performance, green and sustainable construction are often 
used interchangeably. The term of sustainable construction comprehensively 
addresses the ecological, social and economic issues of a building in the context of 
its community (Kibert, 2005).  In 1994, the Conseil International du Batiment (CIB), 
an international construction research networking organization formulated five 
questions as the main body of the national reports which are include: ‘‘what kind of 
building will be built in 2010 and how will we adopt existing buildings? How will 
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we design and construct them? What kind of materials, services, components will we 
use then? What kind of skills and standards will be required? What kind of cities and 
settlements will we have in 2010?  CIB report defined the purpose of sustainable 
construction as creating and operating a healthy built environment based on resource 
efficiency and ecological design’’ (Maiellaro, 2001). Seven principles of sustainable 
construction which would ideally inform decision making during each phase of the 
design are include:  
 Reduce resource consumption 
 Reuse resources 
 Use recyclable resource 
 Protect nature 
 Eliminate toxics 
 Apply life-cycle costing 
 Focus on quality 
These factors evaluate throughout the building’s entire life cycle from planning to 
disposal. (Kibert, 2005). Research on sustainable construction basically means facing 
and solving problems linked to the development and use of design and technological 
materials and solutions that may reduce the impact of construction works. It is 
possible to identify three priority trends:  
 New technological solutions for the envelope and technological plants with 
the purpose of reducing energy consumption of construction works 
 Assessment of the impact of traditional, innovative and recycled construction 
materials on the indoor environment 
 Study of the impact of construction works on the environment by means of 
new computer-based tools to be used for its survey and assessment 
(Maiellaro, 200). 
Moreover, these principles apply to the resources needed to create and operate the 
built environment during its whole life cycle: land, materials, water, energy and 
ecosystem.  
 
 
12 
2.1.1 Sustainable land 
Arriving of High performance green building is causing changes to the traditional 
notion of the constructed landscape (Kibert, 2005). Land is the scarcest resource on 
earth, making land development is an effective sustainable building practice. Around 
worldwide over 50% of the human population is urban. Environmental damage 
caused by urban sprawl and building construction is severe and we are developing 
land at a speed that the earth cannot replace. Buildings affect ecosystems in a variety 
of ways and they increasingly overtake agricultural lands and wetlands or bodies of 
water and compromise existing wildlife. Most contemporary cities must deal with 
surface runoff, surface temperatures, and urban heat island effects, all problems 
related to intensive land use (Rovers, Kimman, Rovesloot, 2010). The land carriers 
the topsoil, and the topsoil carries tremendous variety of living things including man 
(Schumacher, 2010).  
2.1.2 Sustainable  Material  
To move forward, we must understand where we went wrong. Two decades ago we 
began exploring more rational approach to resource management, especially energy. 
This has led to a holistic approach, in which everyone should be happy; the planet, 
the people and the profit we could calls this the ‘’PPP syndrome’’, trying to save the 
‘’old’’ and combine it with the ‘’new’’.  Everything is included, and glory is where 
the three will meet. But as history teaches, when you are in an island, its resource 
establish the basis for society; food, energy, water, and raw materials. If they are not 
available or if they are not managed properly, a society cannot exist and certainly 
cannot grow (Thomas, Fordham, and Partners 1996). 
More and more often even cities are introducing and exploring policies to become 
energy neutral or climate neutral, and we are still talking only about energy. With 
water, food, and raw materials, we need to take a similar approach. These resources 
are becoming scarcer and requiring more energy to harness or produce. Food supply 
will become more critical as more people move to the cities. Urban farming is 
gaining ground and is being integrated in new town planning (Thomas, Fordham, and 
Partners 1996). 
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2.1.2.1 Materials and construction  
The subject of material is clearly the foundation of architecture, said William Morris 
in 1892 and now, a century later, with a far wider range of materials at the designer’s 
disposal and more awareness of the environmental impact of materials, the statement 
has added significance. Materials affect structure, form, aesthetics, cost, method of 
construction and internal and external environments (Thomas, Fordham, and Partners 
1996). 
Reflecting on the materials currently could be a first step towards a shift in the 
building industry’s thinking: This could lead to a shift to raw-materials with a light 
ecological backpack or re-introducing venerable materials like wood. 
A second step could be a lifecycle-oriented building process. Figure shows that 80% 
of the total what costs can be influenced at the planning phase. 
 
Figure 2.2 Influence of Lifecycle at planing phase (Rovers, Kimman, Rovesloot, 
2010). 
In later phases (construction, use and re-use) the ability to make substantial cost 
adjustments becomes more limited and it is difficult to generate an economically 
sustainable advantage. Hence, it is necessary to take all possible occurrences during 
the life-cycle of the building into account during the planning phase, in order to 
optimize the complete process. Therefore, how can we choose appropriate low 
embodied energy materials and use them at the skins of the buildings to have the 
lowest heat transfer? (Rovers, Kimman, Rovesloot, 2010).  
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We should ask what criteria should be used when selecting materials before 
examining any specific ones. The impact on the natural environment includes 
ecological degradation due to extraction of raw materials, pollution from 
manufacturing processes, transportation effects, energy input into materials which 
affects CO2 production and CFC and HCFCs.  
All materials have emissions, and they all may contribute to a deterioration of the air 
quality (Kibert, 2005). The basic rules for materials choice should apply. Whenever 
it is possible, use materials that are as natural as possible (Table 2.1) and as local as 
possible. The choices of materials usually made on the basis of minimal impact on 
the environment. It will attempt the balance between the use of local materials and 
imported ones with high technology alternatives (Roaf, Fuentes, Thomas, 2003). 
Therefore, the selection of key materials and components will depend on a wide 
variety of factors: noise transmission, structural spans, fire considerations, fitness for 
the purpose, mechanical resistance, stability and safety and cost are just a few of the 
constraints that guide the building process. The information needs to be examined 
critically and incorporated cautiously into any design. Interactions are numerous: for 
example, spaces with high exposed ceilings of concrete incorporate a fair amount of 
energy for a given floor area and the volumetric cost of the space is high; however, 
the increased mass may eliminate any need for air conditioning and the increased 
height can allow greater use of day lighting (Thomas, Fordham and Partners, 1996). 
Careful selection of environmentally sustainable building materials is the easiest way 
for architects to begin incorporating sustainable design principles in buildings. 
Traditionally, price has been the foremost consideration when comparing similar 
materials or materials designated for the same function. However, the “off-the-shelf” 
price of a building component represents only the manufacturing and transportation 
costs, not social or environmental costs. 
A “cradle-to-grave” analysis of building products, from the gathering of raw 
materials to their ultimate disposal, provides a better understanding of the long-term 
costs of materials. These costs are paid not only by the client, but also by the owner, 
the occupants, and the environment.  
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Table 2.1 : Some choices of materials and their impact on the environment. 
 Name Raw 
material 
availability 
Minimal 
environme
ntal 
impact 
Embodie
d energy 
efficienc
y 
Product 
lifespan 
Freedom 
from 
maintenan
ce 
Potenti
al for 
product 
re-use 
Material 
recyclabili
ty 
Process 
energy 
requireme
nt 
MJ/KG 
 
 
 
 
wood 
Sawn 
timber 
Very good Very 
good 
Very 
good 
good fair fair Poor 3-6 
Hard wood fair fair excelle
nt 
Very 
good 
good Very 
good 
Poor - 
Hard board Very good Very 
good 
fair good fair poor good - 
MDF 
medium 
density 
excellent Very 
good 
good good good good Fair - 
Particle 
board 
excellent Very 
good 
good good good poor Very 
good 
- 
plywood Very good Very 
good 
good Very 
good 
Good good poor 10.4 
Glued 
laminated 
timber 
Very good Very 
good 
Very 
good 
Very 
good 
good Very 
good 
Fair 11 
LVL 
laminated 
veneer 
lumber 
Very good Very 
good 
Very 
good 
Very 
good 
good Very 
good 
poor 11 
 
 
Plastic 
EPS 
expanded 
polystyren
e 
 
 
 
 
 
good 
 
 
 
 
 
poor 
 
 
 
 
 
good 
 
 
 
 
 
Very 
good 
 
 
 
 
 
Very 
good 
 
 
 
 
 
poor 
 
 
 
 
 
good 
96 
Polyuretha
ne 
- 
PVC 
polyvinyl 
chloride 
- 
Nylon - 
Acrylics - 
Formaldeh
ydes 
87 
 
 
 
 
Ceramic 
 
Stabilized 
earth 
Very good excellent Very 
good 
good good poor Excellent -- 
Building 
stone 
good fair good Very 
good 
Very 
good 
Very 
good 
Good 5.9locall
y 
13.9impr
t 
 
Clay 
bricks, 
pavers, 
tiles and 
pipes 
Very good good Very 
good 
excellen
t 
excellent fair Good 1.7-2.7 
Cement 
and 
concrete 
products 
good good Very 
good 
excellen
t 
excellent poor Very 
good 
5-6 
AAC 
autoclaved 
aerated 
concrete 
good good Very 
good 
excellen
t 
excellent poor Good 3.6 
Fibre 
cement 
Very good Very  
good 
good excellen
t 
excellent poor poor 7.6 
glass good good good excellen
t 
Very 
good 
good Very 
good 
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Metal 
steel Very good Fair fair Very 
good 
Very 
good 
fair Excellent 34-38 
Al Very good poor poor Excelle
nt 
Very 
good 
fair Excellent 170 
copper Fair poor fair excellen
t 
excellent poor Excellent 100 
Lead and 
zinc 
Fair poor fair excellen
t 
excellent poor excellent Lead 
11&30  
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2.1.2.2 Wall systems:  
The thermal resistance of building walls is an important factor in building energy 
efficiency because walls are generally the main component of the envelope. 
Maximum U values are set by state building energy codes and by ASHRAE 90.1. 
The maximum U value is a function of the number of the heating degree days (HDD) 
and cooling degree days (CDD). Both HDD and CDD are measures of how much 
heating or cooling will probably be required in a given climatic zone.  Thermal mass 
of the exterior surface that receives direct sunlight during the day and the placement 
of insulation with respect to the building façade are considerations in selecting wall 
systems (Kibert, 2005).  
2.1.2.3 Concrete construction materials 
Concrete is the most commonly used construction materials in the world, and it is the 
second most consumed product on the planet after water. Each year worldwide the 
concrete industry uses 10 billion tons of rock and sand, 1.6 billion tons of cement, 
and 1 billion tons of water. Concrete can be durable and high strength with the 
proper mix of cementitious and pozzolanic materials, aggregates, admixtures, and 
water. Because of high reflectance value, it is feasible to reduce heat island. It can be 
used without finishes, and with the right mix, is resistant to weathering. Moreover, 
recycled materials can be incorporated into the mix, reducing consumption of raw 
materials and disposal of waste products. 
Using huge amount of concrete cause environmental costs, high energy consumption 
and CO2 release during the production of Portland cement. The production of cement 
is an energy intensive process using primarily fossil fuel sources.  The resources for 
aggregate and cement are abundant, albeit they are limited in some places, and more 
importantly, mining and extraction of the raw materials results in habitat destruction, 
air and water pollution.  An average of 1.6 million kWh of energy use per ton of 
clinker. In 2004, the cement sector consumed 123 billion kWh of energy, which is 
almost 2 percent of total energy consumption by U.S manufacturing (Calkins, 2009).  
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2.1.2.4 Timber construction materials, benefits/costs 
Timber is generally viewed as one of the best materials for sustainable construction 
projects. However, whilst the sequestration of CO2 cannot be denied, we do have to 
consider that timber will ultimately decay and the CO2 (or worse methane) will be 
released. Structural engineers believe that as long as a building is looked after, it 
might well stand for in excess of 200 years. Furthermore, we can control to some 
extent how the CO2 is released. The demolished timber frame could be burnt to 
produce energy which would otherwise have to be generated by other carbon 
intensive means. In addition, with the current trend towards reclaiming materials it is 
possible to reuse construction materials, including timber. 
Traditionally timber frames have been associated with rectilinear buildings. Indeed, 
one of the principle criticisms of timber use in construction is that it limits creative 
options in design. However, the Open Academy case study illustrates that with 
appropriate thought, timber can be as flexible in design as steel or concrete. 
One of the less well recognized benefits of timber use in construction is in 
prefabrication by using laminated timber panels, on site wastage can be reduced, 
with an associated cost saving for the client. This reduction in waste is significant in 
reducing the carbon footprint of a building as, on average, about 20% of construction 
materials on every new building.  
 
Figure 2.3 : Prefabricated timber panel. 
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We can illustrate that timber design (as appose to a traditional steel or concrete 
frame) can be both sustainable and financially viable proposal:  
 Carbon neutrality - The principle benefit of using timber is that it has the 
lowest embodied carbon of any construction material. The carbon footprint of 
the Open Academy, by being constructed out of cross-laminated timber, is at 
least half that of a comparable steel or concrete structure. 
 Air tightness – this is a key factor in the drive to reduce operational carbon 
because heat (i.e. carbon) escapes through gaps in the building fabric. UK 
Building regulations require an air tightness of 10m3/ (h.m2) 45), but the 
Open Academy achieved 3 with the cross-laminated timber system with no 
additional measures to the normal fixing details. 
 Foundations – timber panel construction is a relatively light weight form of 
building compared to steel or concrete. This generates a carbon saving, 
because less material is required to support the building loads. A result of this 
will be a cost saving for the client. 
 Construction Waste – it is possible to have virtually no waste on site from the 
structural frame erection. This highly unusual situation is derived from the 
use of pre-fabricated timber in construction. The total waste produced during 
the superstructure erection phase has been less than the volume of two 
standards sized. This minimal timber waste has been passed to a timber 
merchant for recycling.  
 Program – In construction it is well known that time is money. The use of 
cross-laminated timber in the superstructure halve the superstructure 
construction period. The use of cross-laminated timber eliminates the need 
for secondary steelwork as the timber panels also form the cladding substrate 
for the walls. This will also reduce program length considerably.  The timber 
panel system itself also enables construction firms to achieve early weather-
tightness, as the panels themselves form the weather-tight structure. There is 
no need to add further weather-tight measures. A direct benefit of the early 
weather-tight date is that following trades e.g. plaster work, can start earlier 
in the program than under traditional structures. These efficiency gains 
should translate into cost reductions due to the shorter program length.  
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 Scaffolding – the use of timber in design can provide benefits that a structural 
engineer might not immediately consider. The use of cross-laminated timber 
panels has significant cost savings by avoiding the need for scaffolding for 
the 3-story building. The choice of cladding system and clever integration of 
the edge protection to the slab achieved with the panels before they are lifted 
into place. 
 Architectural creativity –The curved façade of the Open Academy was 
created using facetted panels and the classroom layout was optimized to make 
efficient use of the timber cross-laminated timber system. This shows that 
criticisms of restricted architectural creativity in timber buildings are 
unfounded. 
It is feasible to create a zero carbon building out of cross laminated timber panels, 
which is economical to build and architecturally appealing. Laminated timber panels 
can be used in large scale structural engineering projects to provide the following 
benefits; carbon neutrality, reduce construction waste, minimal strip foundations and 
program savings whilst still delivering the building that the client requires (Rovers, 
Kimman, Rovesloot, 2010). 
2.1.2.5 Insulation materials 
Insulation can particulate contaminants from variety of sources. Depending on their 
composition, these materials may incorporate a variety of adhesives and fibrous 
materials. Most insulation materials are made of fiberglass, mineral wool, and 
cellulose. Fiberglass and mineral wool have raised indoor air quality concerns 
because of the small fibers that are produced when the material is disturbed. 
Fiberglass is listed by the International Agency as a possible carcinogen. Cellulose 
insulation is generally considered as a non-toxic material. As an insulation, foam has 
received most of the attention because of its impacts on the environment (Kibert,  
2005).  
2.1.2.6 Materials derived from space technology 
The thermal balance of space crafts in outer space is virtually driven by radiation 
alone. In order to keep space crafts and their payload within their operating 
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temperature range, much research has been done on radiate heat transfer, notably 
investigations into different types of coatings and multi-layer insulation. Also, in 
order to buffer rapid heat gains or losses, and passively keep temperature within 
certain limits before heat can be radiated back, different types of Phase Change 
Materials (PCMs) with a low mass to thermal mass ratio were developed. Other high 
performance thermal insulators, such as aerogels, also underwent various studies in 
the space field (Rovers, Kimman, Rovesloot, 2010).  
The simplest way to control radiate heat transfer to a surface is to apply coatings 
which may take the form of simple-to-apply paints to more sophisticated conversion 
coatings. When such simple methods are insufficient, Multi-Layer Insulation (MLI) 
may help prevent great heat gains or losses (Rovers, Kimman, Rovesloot, 2010). 
When material transparency is desirable, mostly for human spaceflights, chromic 
materials are used to regulate the flow of heat. Chromic materials are not evaluated 
through this study.  
PCMs make it possible to store thermal energy directly as latent heat. We limit 
ourselves to point out space applications that may encourage new ideas for 
integration within buildings. PCMs have mostly been used in space by the USA for 
space crafts to cope with the rapid change in thermal energy input due to the cyclic 
Sun-facing and Earth- shadow position. Therefore, using such materials in buildings 
which always cope with difference between interior and exterior temperature can be 
a good choice.  
Other materials of great interest to the building industry are aerogels. Due to their 
low density, fine mesa structure and transparency, aerogels were first used in the 
space field to dissipate kinetic energy of hypervelocity particles and to capture them 
intact. Recent research suggests that using aerogels as insulators for liquid hydrogen 
launch vehicle tanks and more generally as cryogenic thermal insulation systems. 
Aerogels are very promising high performance thermal insulation materials with a 
possible widespread use in the building industry (Schmidt, Schwertefeger, 1998). 
In some applications aerogels can be used as loose bulk material, but for the majority 
of applications we anticipate a bound form such as aerogel containing plate or 
structural part. For this purpose many different binding materials or binding systems 
can be considered (Table 2.2). In general, the binding materials can be subdivided 
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into dry and wet systems. Included among dry systems are thermoplastic polymers as 
particles and fibers, though particle foams can also be considered. Wet system 
solutions include dispersions, suspensions, foams or melting. Depending on which 
properties of the composite in addition to a good thermal insulation are desired or to 
influence the processing it is possible to add additives to the binding systems like 
surfactants, flame retarding agents, infrared opacifiers, fungicides and softener. For 
reasons of mechanical stability fibers can be added or the plate can be laminated with 
foils, fleeces or woven. 
Table 2.2 : Some features of airogel. 
Particle size Up to some millimeters 
Particle density 120 kg/m3 
Bulk density 80 kg/m3 (depending on particle size 
distribution) 
Thermal conductivity of a particle 15 mW/mK 
Porosity >90% 
Pore radius 10 nm 
Specific surface Up to 1000 m2/g 
Water resistnce Durably hydrophobic up to 250oC (in air) 
Temperature stability Up to 600oC (exposure at higher 
temperature results in sintering) 
There are different ways to use aerogels for insulation applications and properties of 
an aerogel product strongly depend on the preparation. In thermal insulation, aerogel 
products show outstanding performance compared to traditional materials (Ratke, 
2006). 
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Table 2.3 : Wall thickness and U-value of some construction materials. 
Construction material Wall thickness 
[cm] 
U-value 
[w/m2K] 
Massive concrete 25 3,3 
Common brick 24 1,5 
Common brick (17.5cm) plus 
PUR damping 
30 0,32 
Honeycomb brick 25 0,34- 0,46 
Massive wood 25,5 0,5 
Timber frame construction 25 O,15-0,2 
Aerogel content 65%(+10% 
sand) 
25 0,64 
Aerogel content 70%(+10% 
sand) 
25 0,44 
70%(without sand) 25 0,52 
2.1.3 Water 
Water resources are non-substitutable and very essential for the survival of human 
beings, and their depletion may impose heavy economic costs on future generation. 
Quantity and quality are two rules of sustainability relevant to the water sector. The 
quantity of water resources should not downfall over time as this may reduce its total 
supply. Moreover, the quality of water resources should not decreases over time as 
this may also reduce the total supply of water. If the quality of water resources 
declines, heavy economic costs will be imposed on future generation, as they will 
inherit polluted waters (Malkina Pykh, Pykh, 2003).  
Four things make fresh water one of the most valuable materials in the twentyfirst 
century: 
 Increasing world population 
 Climate change 
 Increasing interference in the natural flow of water by men 
 Pollution (Roaf, Fuentes, Thomas, 2003).  
Approximately 30 percent of residential water use, or about 121 liters per person per 
day, is used for exterior uses. Besides, as much as 110 liters per person per day, is 
used for maintaining landscaping. Most of the water used for this purpose is waste 
albeit, it depend on climatic region. Seven principles can be used to ensure a well-
designed water efficient landscape:  
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 Appropriate planning and design 
 Soil analysis 
 Proper planet selection 
 Practical turf grass area 
 Efficient irrigation 
 Use of mulches 
 Appropriate maintenance (Kibert, 2005). 
Human development has raised complex unsolved problems and negative tendencies 
concerning water which briefly mentioned below:  
 Depletion and contamination of water bodies by waste water originating from 
industrial and agricultural use, that make water inappropriate for many other 
uses, including drinking water, recreation, and fish breeding.  
 Decline of productivity and degradation of water and land ecosystems: 
including salinization, desertification, and eutrophication that are inevitable 
consequences of water exploitation for economic development.  
 Medical, biological, and social problems due to pollutants which decrease the 
quantity of high-quality water. 
Natural disorder in water quality is caused by: deterioration of fresh water quality 
and decrease in discharge to lakes and oceans, such as problems of Oroumieh Lake, 
Iran.  
There is another potential factor that affects water availability.  The release of gases 
such as CO2 is increasing the ability of the atmosphere to trap heat. This may cause 
temperature increase, precipitation changes and sea level rise, with impact shift on 
the availability of fresh water around the world. According to the current studies, if 
climate change is gradual, the impact may only be minor by 2025, with some 
countries having positive impacts but for most of them with negative impact. There 
is a need to use water more efficiently, reduce pollution, provide people with access 
to safe drinking water and sanitation (Malkina Pykh, Pykh, 2003).  
2.1.4 Energy  
Energy consumption is one of the most important issues of green building, not only 
because of its environmental impacts, but also because of the probability of 
significantly higher future energy costs. In 2002, 80 million buildings in the United 
States consumed about 36 percent of the country’s primary energy. Lighting 
consumed about 31 percent of commercial building energy, heating consumed almost 
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22 percent, and space cooling accounted for 18 percent. Gas emissions from 
electrical power generation cause global climate change, acid rain, ozone depletion, 
and a wide range of health effects. Energy consumption by building in 2002 
contributed to: 
 47 percent of U.S. sulfur dioxide emissions 
 22 percent of nitrogen oxide emissions 
 35 percent of carbon dioxide emissions (Kibert, 2005) 
In the future this situation will be worsening, as the population is increase and the 
need for construction are forecasted to increase in nearly future. A green building 
with an ideal performance uses very little energy, and renewable energy would be the 
source of most of the energy needed to heat, cool, and ventilate the structure. New 
constructions with a wide range of innovation are starting to change the energy 
profile of new buildings.  
2.1.5 Enhancing Ecosystem 
Ecosystem and landscape are desired outcome of any building project which are 
improved and regenerated as a consequence of the project. To enrich the presence of 
wildlife on a site, it is very useful to restore the ecosystems which are mentioned 
below:  
 Reduce turf area 
 Eliminate invasive plants 
 Establish native ecosystems 
 Ensure diversity in plantings 
 Provide wildlife corridors 
Use bioengineering for erosion control (Kibert, 2005).  
2.2 Life Cycle Considerations 
Environmental concerns have extended rather than change fundamentally decision 
about materials, efficiency, and cost. Life cycle decisions are different. Traditionally, 
the concern of the designer has ended with the start of the utilization phase of the 
product or a building, but the green designer should think about its whole life 
(Burall, 1991). During the last few years, life cycle analysis has been applied to 
financial aspects of buildings, and has led to significant insights and practical 
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improvements in the management of buildings as financial property. In a similar 
manner, consideration of energy and material requirements of a building over its full 
life cycle may be enlightening, and have useful practical and environment outcomes. 
While further development of Life Cycle Analysis (LCA) methodology is necessary, 
it is also apparent that many useful results have already emerged and could be 
incorporated into practice.  
2.2.1 LCA methodology 
The rapidly growing interest in sustainable product development in the nineties was 
accompanied by a growing need for methods and tools to quantify and compare the 
environmental impacts of products. At the same time, there was a need for 
standardization in order to create a common framework for LCA studies by which 
LCA results from different studies could be compared and interpreted in a 
standardized way. This resulted in the development of the International Standards of 
the ISO 14000 series, which are nowadays accepted as a framework for LCA:  
 International standards ISO 14040 (1997) on principles and framework  
 International standards ISO 14041 (1998) on goal and scope definition and 
inventory analysis  
 International standards ISO 14042 (2000) on life cycle impact assessment  
 International standards ISO 14043 (2000) on life cycle interpretation  
Every product or system has a life, starting with the design of the product, followed 
by resource extraction, production, use and finally end-of-life activities. All 
processes in a products or system’s life result in environmental impacts due to 
resource consumption, emissions into the natural environment and other 
environmental exchanges. In LCA, the design phase is usually excluded, since this 
phase itself is often assumed not to contribute significantly the environmental impact 
of the product. However, the design strongly predetermines the behavior of the 
production in the subsequent phases, and thus, decisions taken in this phase might 
have a significant impact on the generation of environmental loads in the other life 
cycle stages. Therefore, if LCA is used for improvement of the sustainability of 
products, it should be carried out as early in the design process as possible. The same 
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can be applied to the design or improvement of a process within the life cycle of a 
product (Verbeeck, 2007).  
Through the standards, LCA framework split in: first: goal, scope and definition that 
consists of the case studies level of detail, second; life cycle inventory analysis (LCI) 
third; impact assessment that evaluate the significance of potential environmental 
impacts and forth; Interpretation (Monahan, Powell, 2010). 
2.2.2 Goal and scope definition  
The first step in an LCA is defining the goal and scope of the LCA study. This 
provides a description of the product system to be analyzed. The goal definition 
focuses on the intended application, the reason why the study is performed and the 
intended application, the reason why the study is performed and the intended 
audience, whereas the scope definition describes the system, or systems in case of 
comparative studies, in terms of system boundaries, functional unit, allocation 
procedures, data requirements, assumptions and limitations (Verbeeck, 2007).  
One of the main goals of the life cycle analysis in this research is firstly, to calculate 
the embodied energy of two building and subsequently, analyze the relation between 
the embodied energy and the energy consumption during utilization phase. The study 
presented in this paper uses an LCA framework as a tool to conduct a partial LCA, 
from cradle to site of the construction of a house and an office using three different 
wall types with different embodied energy and investigate the carbon consequence of 
constructing new houses. 
2.2.3 Life cycle inventory analysis  
Life cycle inventory is a methodology for estimating the consumption of resource 
and the quantities of waste flows and emissions caused by or attributable to a 
product’s life cycle. This means that for process of the product system, a data set is 
needed. This way, the inventory process itself is mainly concerned with data 
collection and calculation procedures. In general, life cycle inventory analysis relies 
on being able to link different unit processes to each other by simple material or 
energy flows. However, in practice, very few industrial processes results a single 
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product. In fact, most processes yield more than one product and at the same time, 
they recycle intermediate or discarded products as raw materials (Verbeeck, 2007).  
The inventory of materials and inputs into the construction of the development were 
estimated from information provided by quantity surveyors, contractors, companies 
providing goods and services along the supply chain for this property. The 
dimensions of the house obtained from the architects plans. Information about the 
offsite frame production process obtained from the manufacturing company who 
provided aggregated production data on energy and materials (Verbeeck, 2007). Too 
many literature are study embodied energy of the materials and operating energy of 
different buildings during their use phase. Through this process; different studies 
based on parameters, factors and databases such as Ecoinvent Unit process database, 
Franklin USA 98 database and Gabi database are considered. Several materials in the 
research database, such as laminated wood, concrete and phase change materials 
defined and thus, the inventory data could directly be imported from the research 
database.  
2.2.3.1 Selection of impact categories  
Indicators express the contributions from waste, emissions and resource use in terms 
of impact categories. Impact categories include climate change, stratospheric ozone 
depletion, acidification, eutrophication, human toxicological effects, ecotoxicological 
effects, photo-oxidant formation (smog), biotic and abiotic resources, land use and 
other physical interventions such ad odor and noise (Verbeeck, 2007).  
Indicators for each impact category can be calculated from the inventory data of the 
product system using generic characterization factors resulting from characterization 
models. As emission inventory data are expressed in terms of mass (e.g. kg) released 
in the environment per functional unit, the characterization factors linearly express 
the contribution to an impact category of a unit mass (1 kg) of an emission to the 
environment (Verbeeck, 2007). The Life Cycle Impact Assessment (LCIA) identifies 
and evaluates the amount of the potential environmental impacts arising from the 
LCI. The inputs and outputs are first assigned to impact categories and their potential 
impacts quantified according to characterization factors. Figure below shows the 
conversion from emissions to impact potentials via classification and 
characterization. 
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The relative contribution of different gasses to climate change is commonly 
compared in terms of carbon dioxide equivalents using global warming potentials 
(GWP). Three different units are generally used: GWP20, GWP100, GWP500. A gas 
with GWP100 of 20 implies that 1 kg of this gas has the same cumulative climate 
change effect as 20 kg of carbon dioxide during 100 years (Verbeeck, 2004). 
 
Figure 2.4 : factors of impact categories 
2.2.3.2 Classification  
The results of the Life Cycle Inventory phase include many different emissions. 
After selecting the impact categories, the LCI results are assigned to one or more 
impact categories. If substances contribute to more than one impact category, they 
must be classified as contributors to all relevant categories. For example, CO2 and 
CH4 are both determined to the impact category “global warming potential”. NOx 
emissions can be classified to contribute to both eutrophication and acidification and 
so the total flow will be fully assigned to both of the categories.  
2.2.3.3 Characterization  
Characterization describes and quantifies the environmental impact of the analyzed 
product system. After assigning the LCI results to the impact categories, 
characterization factors have to be applied to the relevant quantities. Results of the 
LCI are converted into reference units using characterization factors. For instance, 
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the reference substance for the impact category “global warming potential” is CO2 
and the reference unit is defined as “kg CO2-equivalent”. All emissions that 
contribute to global warming are converted to kg CO2-equivalents according to the 
relevant characterization factor. Each emission has its own characterization factor 
(PE-International, 2010). 
 
Figure 2.5 : Illustration of converting CH4 to CO2 
2.2.4 Interpretation (LCI model)  
The interpretation of preliminary results may lead to modifications of the definitions 
of goal, scope and/ or system boundaries. Analysis of purely LCI results can be 
conclusive, as a few data in a life cycle inventory can often dominate, making the 
results readily interpretable (Verbeeck, 2007). The LCI can be analysed and 
interpreted by means of a contribution analysis, a perturbation analysis and 
uncertainty analysis based on Monte Carlo simulation (Verbeek, Hens, 2010). ‘’A 
contribution analysis decomposes the aggregated result of an inventory analysis in a 
way that for each inventory item of a system, the contribution of the different unit 
processes for this inventory item can be traced back’’ (Verbeek, Hens,2010). 
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3.  LCA AND THE BUILDING SECTOR 
The principles of Life Cycle Design provide important guidelines for the selection of 
building materials. Each step of the manufacturing process, from gathering raw 
materials, manufacturing, distribution, and installation, to ultimate reuse or disposal, 
is examined for its environmental impact (Kim, 1998).  
The conventional view, that embodied energy is almost negligible compared to 
operating energy over the life of a commercial building, is now highly questionable. 
It has been established that from an energy conservation and CO2 emissions 
viewpoint, recycling of building materials should be encouraged.  
The sick building syndrome indicates that some building materials and heating and 
cooling systems may have an undesirable effect on the health of building occupants. 
Materials such as paints and adhesives constitute potential problems, particularly 
when they are new, as they give off volatile organic compounds (VOCs), while 
others become hazardous as they age, deteriorate and produce dusts.  
 
Fihure 3.1 : LCA of a building from planning, design and material specification to                           
disposal. 
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Today it is accepted that most products have a limited life. The regular updating of 
products allows for a variety of changes to be incorporated in their design, ranging 
from major technological and social change to mere fashion (Lawson, 1996).  
Some building materials may be chosen because of their adaptability to new uses. 
Steel stud framing, for example, is easily reused in interior wall framing if the 
building occupants’ needs should change and interior partitions need to be 
redesigned. Ceiling and floor systems that provide easy access to electrical and 
mechanical systems make adapting buildings for new uses quick and cost-effective. 
Conventional materials with a high embodied energy can often be replaced by a 
material with low embodied energy, while using conventional design and 
construction techniques. Concrete, for example, has traditionally been pre-mixed 
with water and delivered to the site. An excess of material is often ordered, to 
prevent pouring delays should a new shipment be needed. This excess is usually 
disposed of in a landfill or on site. In contrast, concrete which is mixed on site, as 
needed, eliminates waste, and offers better quality control (Kim, 1998).  
Life cycle of a building linked with energy and associated of carbon considers in 
three distinct: 1. Construction 2. Occupation 3. End of life (deconstruction)  
Reducing the embodied energy of construction needs to address both the efficiency 
of manufacture and the efficiency of use. One solution to this problem is the 
increased use of offsite manufacturing, or modern methods of construction (MMC) 
(Monahan, Powell, 2010).  
3.1 The Building Body And Skin  
Development of the building envelope, or skin, is likely to be rapid in the next 
decade or so. Technological innovation in glass and other materials will allow 
window systems to respond to environmental conditions in ways not previously 
commercially viable for buildings.  
Building envelopes obviously need to be durable, economical, aesthetically pleasing, 
weather tight, structurally sound and secure. Psychologically, views out are very 
important. Environmentally, the question needs to be addressed are: how they 
respond to solar radiation (both for the sun’s heat and light), how ventilation is made 
possible, how heat loss is minimized and how noise is controlled. The envelope will, 
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to a large extent, determine how the internal environment is affected by the external 
one.  
Energy transmission through the building skin should be minimized through a tight, 
thermally resistant envelope. The building envelope must control the solar heat gain, 
conduction or direct heat transmission, and infiltration. Building envelope needs to 
consider three main facts to reach its best performance: thermal resistance of the 
walls, window selection, and roof strategy (Kibert, 2005).  
3.2 From material to building  
Probably because of the complexity of the course of life of a building, researchers in 
the past often opted for building materials, building products or building components 
as subject for LCA research, also in comparative studies. However, by limiting the 
functional unit of LCA to a building material or building component, a number of 
functions or boundary conditions, that should be provided by buildings, such as 
thermal comfort in winter and summer and indoor air quality cannot be taken into 
account. This way, decision based on isolated LCA for materials or components are 
applied in buildings without taking into account their interaction with other 
components and their impact on the performance of the building as a whole 
(Verbeeck, 2007).  
All case studies emphasize the importance of the operational phase, when comparing 
the environmental impact of the different life cycle phases of a building (Verbeeck, 
2007). Verbeeck and Hens emphasis the low importance of the embodied energy 
versus the high performance of the operating energy. For saving energy, more 
insulation material should be use. If the embodied energy will be more than the 
energy saving amount, then low energy dwelling would not be reach (Verbeek, Hens, 
2010). 
3.2.1 Building design-layout function and passive design oriented 
Passive Design regards the particular way to construct a building using the natural 
movement of heat and air, passive solar gain and cooling in order to maintain a good 
internal comfort. Through the use of passive solutions it is possible to eliminate, or at 
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least reduce, the use of mechanical systems and the energy demand by 80% as well 
as the CO2 emissions. 
Building a passive house takes careful planning, which includes the introduction of 
five basic principles: 
 Orientation 
 Overhangs and shadings 
 Insulation 
 Double or triple glazing 
 Thermal mass 
The Passive House Concept is defined as follows: A Passive House is a building in 
which thermal comfort can be guaranteed by post-heating or post-cooling the fresh-
air mass flow required for a good indoor air quality.  
The standards must be adapted to the climate and geographic situation. The local 
building traditions and the specific climatic conditions of each region must be 
analyzed in order to achieve the best passive solution. 
Integrating passive design solutions at the very early design stage add little or 
nothing to the cost of the building construction. Eventually these solutions help in 
reducing the CO2 emissions from the building and the use of mechanical systems for 
heat up and cool down the house (https://vancouver.ca/files/cov/passive-home-
design).  
3.2.2 Material mix-used and recycled, conformation optimized and seismic 
structure oriented 
From the perspective of the designer, perhaps the least considered and least 
understood phase of the building life cycle occurs when the building or material’s 
useful life has been exhausted. The demolition of buildings and disposal of the 
resulting waste has a high environmental cost. Degradable materials may produce 
toxic waste, alone or in combination with other materials. Inert materials consume 
increasingly scarce landfill space. The adaptive reuse of an existing structure 
conserves the energy that went into its materials and construction. The energy 
embodied in the construction of the building itself and the production of these 
materials will be wasted if these “resources” are not properly utilized.  
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Some building materials may be chosen because of their adaptability to new uses. 
Steel stud framing, for example, is easily reused in interior wall framing if the 
building occupants’ needs should change and interior partitions need to be 
redesigned. Ceiling and floor systems that provide easy access to electrical and 
mechanical systems make adapting buildings for new uses quick and cost-effective. 
Conventional materials with a high embodied energy can often be replaced by a 
material with low embodied energy, while using conventional design and 
construction techniques. Concrete, for example, has traditionally been pre-mixed 
with water and delivered to the site. An excess of material is often ordered, to 
prevent pouring delays should a new shipment be needed. This excess is usually 
disposed of in a landfill or on site. In contrast, concrete which is mixed on site, as 
needed, eliminates waste, and offers better quality control (Kim, 1998).  
3.3 Energy System Optimized 
The construction site has abundant solar energy. Therefore the building should be 
fully integrated with solar technology to increase energy consumption for daily life 
and tourism services, otherwise to make no harm to the environment (Rovers, 
Kimman, Rovesloot, 2010).  
3.4 Life Cycle Considerations 
During the last few years, life cycle analysis has been applied to financial aspects of 
buildings, and has led to significant insights and practical improvements in the 
management of buildings as financial assets. 
In a similar manner, consideration of energy and material requirements of a building 
over its full life cycle may be enlightening, and have useful practical and 
environment outcomes. While further development of Life Cycle Analysis (LCA) 
methodology is necessary, it is also apparent that many useful results have already 
emerged and could be incorporated into practice (Lawson, 1996).  
3.4.1 Energy saving 
Energy saving should be reached by two ways, envelope and heating system. 
Insulation, glaring, solar shading and air tightness are the factors that affect the 
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envelope energy saving. Heating system split in two part, traditional systems and 
innovative technologies. High efficiency boilers, condensing boiler, radiators and 
floor heating are subsets of traditional systems and heat pump, cogeneration of heat 
and power and renewable solar systems are subsets of innovative technologies. 
‘’Depending on the energy performance of the building, the dimensions of the 
heating systems are determined based on the design heat load according to EN 12831 
(heating systems in buildings – method for calculation of the design heat load). The 
ventilation system is designed according to NBN-D50-001 (ventilation in residential 
buildings)’’ (Verbeek, Hens, 2010).  
Fresh air may be introduced to the indoor space through the building openings, 
(natural ventilation), through the use of fans, (mechanical ventilation), or by 
combination of openings and fans (hybrid ventilation). Natural ventilation is caused 
by naturally produced pressure differences due to wind, temperature difference or 
both. Natural ventilation is achieved by allowing air to follow in and out of a 
building by opening windows and doors or specific ventilation components such as 
chimneys. The effectiveness of natural ventilation, depends upon the wind speed, 
temperature difference, size and characteristics of the openings and their orientation 
to the prevailing wind direction (Santamouris, Wouters, 2006).  
Cooling of the human body by convection, occurs when the surrounding air is cooler 
than the skin and, thus, heat is carried away from the body. The higher the air speed, 
the higher is the body cooling effect. According to the existing standards (ASHRAE, 
1992; ISO, 1994) permitted air speed should not exceed 0.2m/sec (Santamouris, 
Wouters, 2006). 
3.4.2 Embodied energy 
Crowther defines embedded energy as “the total energy required in the creation of a 
building, including the direct energy used in the construction and assembly process, 
and the indirect energy, that is required to manufacture the materials and components 
of the buildings. This indirect energy will include all energy required from the raw 
material extraction, through processing and manufacture, and will also include all 
energy used in transport during this process and the relevant portions of the energy 
embodied in the infrastructure of the factories and machinery of manufacturing, 
construction and transport.” (Crowther, 1999).  
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Treloaretal state, “Embodied energy (EE) is the energy required to provide a product 
(both directly and indirectly) through hall processes upstream (i.e. traceable back- 
wards from the finished product to consideration of raw materials).” (Cabeza, 2001).  
Another characterization given by Bousted and Hancock (2008) is, “Embodied 
energy is defined as the energy demanded by the construction plus all the necessary 
upstream processes for materials such as mining, refining, manufacturing, 
transportation, erection and the like…”. Likewise, a more comprehensive definition, 
provided by Ding, explains that: “embodied energy comprises the energy consumed 
during the extraction and processing of raw materials, transportation of the original 
raw materials, manufacturing of building materials and components and energy use 
for various processes during the construction and demolition of the building.” 
(Morera, Bartolí, Fernández, 2013, according to Ding. G, 2004).  
Building construction technique and building materials affect the embodied energy. 
Moreover, production of the material and transportation of them to form the building 
can change the total embodied energy of buildings (Venkatara Reddy, Jagadish, 
2003).  
3.4.2.1 Building techniques for reducing embodied energy 
Use of energy efficient alternative building technologies can result in considerable 
reduction in the embodied energy of the building; for example, Load bearing soil-
cement block masonry and SMB filler slab has resulted in 62% reduction in 
embodied energy when compared to reinforcement concrete framed structure 
building (Venkatarama Reddy, Jagadish, 2003).  
Reducing the environmental burdens from modern methods of construction (MMC) 
timber frame construction could be achieved in two ways. Firstly, reducing the use of 
cement by substituting with lower embodied carbon alternatives. Materials include 
using ground granulated blast furnace slag, fly ash and other pozzolanic materials or 
lime based materials. Secondly, using design strategies to reduce the volumes of 
cement required. There would also be other additional benefits such as reduced 
earthworks requiring less spoil and waste material for export of site, lower energy 
inputs and further benefits at end of life deconstruction (Venkatarama Reddy, 
Jagadish, 2003). 
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3.4.2.2 Embodied energy of materials and transportation systems 
Production of a material dependent on manufactures, equipment, and the material 
itself. For example, aluminum is lighter than steel but thermal energy that consumes 
to produce aluminum is six times of steel (Venkatarama Reddy, Jagadish, 2003).  
Different materials need different transportation energies, because it relates to the 
distance and the fuel that consumes for that. Coefficient (ratio) for that is MJ/m3 per 
kilometer. For example, the energy spent during transportation of bricks is about 4-
8% of its energy in different types of mortars. So, it compares energy in 8 types of 
masonry such as RC slab and SMB filler slab (Venkatarama Reddy, Jagadish, 2003).  
All materials or products are assumed to be stored at the production plant. For the 
transport model of constructional materials, distinction is made between transport 
from production plant to distribution or assemblage center and from there to the 
construction site. For the transport model of installation components, first part 
always assumes transport of the composing materials to the assemblage site, whereas 
part two reflects transport of the finished goods to the construction site.  
3.4.2.2.1 Transportation distance 
Transport distance are estimated based on assumptions on the location of production 
and/or distribution or assemblage site. The transport model only considers one-way 
distance, assuming the vehicle is always occupied for non-related transport on the 
way back (Verbeeck. G, 2007).  
3.4.2.2.2 Transportation vehicle 
Ecoinvent database contains inventory data for different transport vehicles. 
Elementary flows are expressed in MJ/t or kg/t per kilometer, being the flow released 
or resource consumed when transferring 1 ton of goods over a distance of 1 km. Data 
are extracted for transport by:  
 A transoceanic freight ship  
 European average goods transport by rail  
 European average lorry of 32 tons  
 European average lorry of 16 tons  
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 European average van of < 3.5 tons  
 
3.4.2.2.3 Transport weight 
For each material or product the specific weight is defined in ton per unit, for 
example m3 for brick and m2 for window frames (Verbeeck. G, 2007). It is obvious 
that transporting heavy material consume more energy and consequently produce 
more CO2. 
3.4.2.3 Embodied energy and CO2 emission 
There is a clear relationship between the embodied energy and CO2 emission. In 
transportation and most but not all industrial processes there is a correlation between 
CO2 emission in kg and the energy consumption in MJ (3.1). CO2 from every 
manufacturing process split in two parts, CO2 from manufacturing and fuel derived 
from combustion of fossil fuels (Cabeza, Barreneche, Miró, Morera, Bartolí, 
Fernández, 2013).  
CO2 footprints in Kg = 0.08 * Energy consumption in MJ                     (3.1) 
3.5 Operating Energy 
The operational energy requirements of a building can be considered as the energy 
that is used to maintain the environment inside that building. In other words, all 
energy that is imported into the system to operate lights, lifts and escalators, 
ventilation systems, heating and cooling systems, water heating and pumping 
systems. This will include energy from electricity, gas, and the burning of fuels such 
as oil or coal (Crowther, 1999). 
3.5.1 Space heating 
In most buildings, mechanical equipment is necessary to carry the thermal loads still 
remaining after the techniques of heat rejection/conservation and passive 
cooling/heating have been applied. However, with the proper design of the building, 
the size and energy demands of the heating and cooling equipment can be quite 
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small. Since the heating and cooling equipment is bulky and must reach into every 
space, it is an important concern for the architectural designer (Lechner, 1991).  
Because not all parts of a building have the same heating or cooling demands, 
mechanical systems are subdivided into individually controlled areas called zones. 
Each zone has a separate thermostat to control the temperature and sometimes a 
humidistat to control the moisture content of the air. The most common reason for 
separate zones is the difference in exposure. A north-facing space may require 
heating when a south-facing space in the same building requires cooling. So, too, a 
west facing-room may require heating in the morning and cooling in the afternoon 
while an east-facing room may experience the reverse situation. Since interior spaces 
have only heat gains, they require heat removal all year. Thus, a building would be 
divided into zones on the bases of exposure (Lechner, 1991).  
Frequently, additional zones are required because of different in functions. For 
example, a large conference room requires separate thermal control otherwise it will 
be too cold when only a few people are presented and too hot when the room is full. 
A computer room must be on a separate zone for two reasons. It has an unusually 
high source of internal heat gain, and its hours of operation are quite different from 
the rest of the building. The number of zones required is an important factor in 
choosing a particular mechanical system (Lechner, 1991).  
The two major consideration in choosing a heating system are the source of energy 
used and the method of distribution within the building. The choice of a fuel usually 
depends on both economic factors and what is available. The main choices are gas, 
oil, coal, electricity, solar energy, and waste heat recovery. Except in rural areas, 
wood is too polluting to be a practical fuel. Oil, coal, wood, some type of gas, and 
solar energy require building space for storage. Electricity is popular because of its 
great convenience of use. Solar energy is the only renewable source in the list and 
heat recovery has great potential in certain cases (Lechner, 1991). Heat can be 
distributed in a building by air, water or electricity. Because of their large size, air ducts 
require the most for thought while electric wires require the least. 
3.5.2 Space cooling 
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Until the twenties century, the only way to achieve some summer comfort was to use 
the heat rejection and passive cooling techniques. Shading, natural ventilation, 
evaporative cooling, and thermal mass were the main technique used.  
The refrigeration machine, a machine that pumps heat, is the critical element of any 
cooling system. There are basically three refrigeration methods: compression, 
absorption, and thermoelectric. The compression cycle is the most common, but the 
absorption cycle is often appropriate when a source of low cost heat is available. 
Thermoelectric cycle which turns electricity directly into a heating and cooling 
effects do not use for buildings (Lechner, 1991). 
Depending on whether water or air is used as the heat transfer, a cooling installation 
consists of cooling surfaces or air outlets in the rooms, a chiller and a re-cooling unit. 
In the first step, heat is removed from the room through an exchange of air or a 
network of water filled pipes. This process heats up the transfer medium, which in 
turn transfers it to the refrigerant circulating in a chiller.  
The refrigerant heated further (above the temperature of the external air) so that the 
heat energy absorbed can be rejected to the outside air. The refrigerant can be heated 
by compression or by the direct addition of heat, depending on the type of chiller. If 
heat is required for cooling, a solar or district heating system can be used for the heat 
production. Transferring the heat to the soil or feeding it into the groundwater is also 
possible in the case of low cooling loads (Richarz, Schulz, Zeitler, 2007). 
To cool a building, a refrigeration machine must pump heat from the various rooms 
of a building into a heat sink. The heat sink is usually the outdoor air but can also be 
a body of water or even the ground. Cooling systems vary mostly by the way heat is 
transferred from the rooms to the refrigeration machine and from there to the heat 
sink. The choice of the heat transfer methods depends on building type and size. 
Cooling systems are often classified by the fluids that are used to transfer the heat 
from the habitable spaces to the refrigeration machine. The four major categories are 
direct refrigerant, all-air, all-water, and combination of air and water (Lechner, 
1991).  
Cooling towers are used in buildings mainly for providing the heat rejection 
requirements of air-conditioning systems. Although cooling towers themselves do 
not consume much energy in building applications, their performance is important as 
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they can have a significant impact on the operating efficiency of air conditioning 
chillers (Jayamaha, 2007). 
 
3.5.3 Lighting 
When calculating the energy performance of buildings, the energy requirement for 
artificial lighting plays a major role in non-residential buildings. As in every type of 
installation, the amount of energy required for operating a lighting system initially 
depends on constructional concept. The depth and height of a room, the arrangement, 
distribution and size of windows, the nature of any sunshades and, the color and 
properties of internal surfaces determine the quantity and quality of daylight within 
the interior. The orientation of window areas depends on the purpose for which the 
windows have been included. In residential buildings, south facing windows are 
clearly preferred from the energy point of view, such a generalization does not 
necessarily apply to a non-residential building (Richarz, Schulz, Zeitler, 2007). 
In residential buildings, reducing heat loses in winter through windows in the north 
elevation is a crucial factor for the energy balance, which is why the size and 
orientation of openings must be optimized. By contrast, in an office building, 
generously sized windows on the north side are advisable in order to use all available 
light during long periods of occupation. Reducing the heat gains in summer and the 
even distribution of daylight play a much greater role in energy terms than trying to 
reduce the heat losses (Richarz, Schulz, Zeitler, 2007). 
When planning artificial lighting, the ergonomics, aesthetics and energy consumption 
aspects are important. The energy requirement for artificial lighting is call operating 
time of the lighting units, the direct and indirect lighting properties, the technology of 
the lamps and their controls.  
The operating time can be reduced through optimum use of daylight in conjunction 
with demand-and occupancy- based controls. It is frequently the case that the 
artificial lighting is designed, so that the area to be illuminated is not lit directly but 
rather indirectly by reflecting the light of the surface in the room because this 
generates an even, essentially non-glare illumination, and creates a pleasant 
atmosphere. However, it is frequently forgotten that high indirect proportions lead to 
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increased lighting requirement and hence to an increase of about 20% in the 
electricity consumption (Richarz, Schulz, Zeitler, 2007). The most common types of 
lamps for building interiors according to their efficiency are: fluorescent lamps, LEDs, 
halogen lamps and incandescent lamps. 
Typically, lighting accounts for more than 20 percent of the electrical energy 
consumption in commercial buildings. In air-conditioning buildings they also 
indirectly account for some of the power consumed by air conditioning systems as 
the heat added by lighting has to be removed by building cooling systems. Therefore, 
lighting systems need to be designed to be efficient to ensure the overall energy 
efficiency of buildings (Jayamaha, 2007). 
3.5.4 Ventilation 
In order to maintain hygienic air conditions, every room must be supplied with the 
right amount of fresh air depending on its usage. The aim of regulating the quantity 
of air has resulted in the use of various mechanical systems. There are three possible 
choices for ventilation: full air-conditioning, partial air-conditioning and ventilation 
systems (which feed untreated outside air into the interior) depending on the scope of 
the air-treatment measures. In air-conditioning systems the air is heated, cooled, 
humidified and dehumidified; such systems enable any desired internal climate to be 
realized regardless of the external conditions.  
In nonresidential buildings in particular, controlling the quantity of incoming air in 
the summer reduces the temperature rise in the interior. But open windows in the 
mornings in summer are often not closed again even after the outside temperature has 
risen above the room temperature (Richarz, Schulz, Zeitler, 2007). 
3.6 Variability in LCA Results 
Because LCA models are so dependent on data quality, and because researchers can 
interpret their life cycle assessments however they wish, variability is a problem that 
prevent acceptance of LCA as an objective practice. LCAs about the same products 
or materials can have wildly different results. Because of this problem, it is important 
to critically review LCAs so that their results can be assessed in comparison to one 
another. There are several analysis tools and database that can be used to recognize 
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the validity of a single LCA and the variability of multiple LCAs about the same 
subject.  
When several LCAs are under study, sensitivity and uncertainty analysis can be used 
to quantify and visualize the differences between the studies and the reasons for these 
differences. An uncertainty analysis factors in the range of data that was found for a 
certain flow or process, showing how the results might change across the limited 
area. This is important because an LCA model allows only for the use of single data 
points at a time, and uncertainty analysis provides a way to incorporate data from 
other sources that should be considered. Conversely, sensitivity analysis is used 
when only one value is available for a process, and a possible range of other values 
needs to be explored to judge the impact of these values. Such tools are vital to 
eliminating the weak aspects of LCA models and creating more useful models in the 
future (Lisbeth Hsu, 2009).  
Although, using two units through the study may change the results. For example, 
kilograms of carbon dioxide and gigajoules of embodied energy visualize variability 
in results that must be in determined unit.   
3.7 Case Studies:  
This part contains two case studies. The first one is an university at USA and the 
second one is an office building in Bankok. 
3.7.1 A university building in USA (2003)  
Six-story building with 7300 m2 which is located on the University of Michigan 
campus is my first case study. This building consists of three basement floors for 
classrooms and open plan offices and top three floors are used as hotel rooms. 
Computer modeling was used to determine energy consumption for heating, cooling, 
ventilation, lighting, hot water and sanitary water during utilization phase. 
Demolition and other end-of-life burdens were also listed.  
Life cycle analysis of whole building are essential to identify and evaluate how key 
design parameters will influence a building’s environmental performance. University 
of Michigan with service life of over 75 years was selected as a case study to fulfill 
the following specific objectives: 
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 Compile an inventory of installed and replacement building materials and 
operational characteristics. 
 Model burdens associated with material use and operational burdens 
including water services, utilizing available data and building simulation 
software.  
 Assess life cycle distributions of burdens in several environmental impact 
categories.  
Human and ecosystem toxicity, as well as resource depletion were excluded here 
because of a lack of methodological consistency between different studies, varying 
range of toxicity factors for a particular emission reported by those studies, and the 
fact that toxicity fate modeling requires a specificity of emissions release locations 
that were beyond the scope of this project.  Therefore, resource depletion was not 
considered a measurable environmental impact for this study. SimaPro simulation 
software is used for this project and data for material production were taken from the 
Swiss Agency for the environment, Forest and Landscape, and from a Franklin 
Associates report. This LCA was conducted in accordance with EPA, SETAC, and 
ISO standards for life cycle assessments. 
For this study material embodied energy is the sum of feedstock energy and process 
fuel energies and the total embodied energy is material embodied energy plus 
primary energy for transportation and construction. For assessing life cycle 
environmental impacts of this case study, the following impact categories are used: 
Primary energy consumption, global warming potential, ozone depletion potential, 
nutrification potential, and solid waste generation. 
Transportation covers shipping of materials from place of extraction to 
manufacturing site and from manufacturing site to construction site. Construction 
includes burdens from electricity used for power tools and lighting, as well as any 
fuel used by heavy equipment at the construction site. Activities include site 
preparation, structural and envelope installation, mechanical, electrical equipment 
installation, and interior finishing. Operation phase activities are subdivided into two 
parts: first HVAC and electrical services that is modeled by eQuest simulation 
program and the second is water service. Water service burdens are derived from 
combining information about demand that include: occupancy patterns, fixture flow 
rates, data on frequency and duration of use of toilets, showers and bathroom sinks.  
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This study assumes the recycling of some materials; such as, concrete, concrete 
masonry units, mortar, brick, granite, ceramics, all metals, non-tinted window glass, 
carpets and ceiling tiles.  
 
Figure 3.2 : Recycling of some materials 
By taking all above mentioned arguments into consideration the following 
conclusion can be drawn up: 
 Life cycle distribution of energy consumption and environmental impacts are 
mostly concentrated in the operational phase of a building. In all 
measurements, except waste generation, operations accounted for more than 
83% of environmental burdens. At the beginning the optimization of 
operations phase performance should still be the main emphasis for design, 
until it is evident that there is a significant shift in distribution of life cycle 
burdens. For example, design improvements related to the building envelope 
and its insulation can significantly reduce cumulative burdens even at the 
expense of greater material production and construction burdens. 
 The materials with high replacement rates are also found to have high 
material production energy intensities. For example, wiring and carpets have 
high life cycle embodied energies and the extent of total burden of these 
items is dependent on renovation and revitalization, which are depending on 
the building. Embedding copper wiring, which has a long life span, into walls 
that may be replaced frequently, materials could be organized and installed 
based on optimum life span or designed for ease of service.  Renovation 
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during the life span of a building can increase the total embodied energy. 
Despite strategies that maximize service life of building materials should be 
emphasized.  
 To reduce the environmental performance of SWH building, the major step is 
to reduce the environmental impact. A major step to reduce that is selecting 
the cleaner grid source. So, implementation of renewable technologies would 
dramatically reduce the operation phase burden of such building.  
 LCAs give a general idea of the burdens from different aspects of a building 
so increasing specificity is required to make decisions. Besides, to increase 
specificity too much detailed data needs to evaluate the building features in 
design stage. This task is impossible with current building LCA data. 
Accessibility of data will enable designers to construct and customize LCA’s 
during the design phase to enable the evaluation of performance and material 
tradeoffs across life cycle without the excessive burden of compiling an 
inventory (scheuer, 2003). 
3.7.2 An office building in Bankok, Thailand (2009) 
Government of Thailand established the Energy Conservation Program and the 
Energy Conservation And promotion Act in 1992 with the objective of reducing the 
annual growth rate of energy consumption from 13% to less than 10% to enrich its 
energy security. However, these amount have focused only on the operational phase 
of buildings, ignoring the potential for additional energy saving in other life cycle 
phases. So the life cycle energy assessment (LCEA) of buildings is essential. LCEA 
is a form of life cycle assessment (LCA) and relate to the building industry due to 
energy efficiency reports over the last decades. In LCEA, energy is the only 
parameter measured and it does not replace the broader LCA environmental 
assessment method. It provides, necessary information for a systematic and 
comprehensive reduction of energy consumption from the building sector.  
The objectives of this study is to determine the embodied energy of key building 
materials utilized in Thailand. Besides, assessing the LCE consumption of a typical 
office building and studying the relative importance of the different life cycle phases. 
Moreover, providing information which may be used as a basis for more effective 
regulation of building energy efficiency policies in Thailand. Data obtained from the 
Department of Alternative Energy Development and Efficiency (DEDE) showed that 
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the office building stock is important because it had the largest share of the 
commercial building stock in Thailand. 
 
Figure 3.3 : Building energy efficiency policies in Thailand. 
The case study is 38-story building located in the central business district of 
Bangkok, Thailand. The city is at 140 N latitude with a mean daily outside relative 
humidity of 66-78%. The outside air temperature for winter days is between ‘‘23 to 
27.4 0 C’’ and for summer days is only 32.4 to 35.7 0C. Electricity from the national 
grid is the only operating energy used by the building. The system studied included 
the manufacture of building materials, transportation, construction, operation, and 
maintenance and demolition phases. On-site electricity generation with photovoltaic, 
indoor air quality issues during the use phase, water consumption and water effluents 
are excluded from this case study.  
All the materials and transportation components are manufactured in Thailand and 
the Input-output (IO) data utilized for developing were obtained from Thailand 
government databases. In a process-based LCA, all process associated with all life 
cycle phases of a product, and associates inputs (e.g., energy, water) and outputs 
(e.g., air emissions, water discharges, etc.) with each process that enables very 
specific analysis. Also, heavy data requirement makes it time consuming and costly 
so to overcome the limitations of process based LCA (e.g., data requirements, 
boundary selection), the EIO-LCA method was created. This method provides 
comprehensive analysis, but lacks the precision and detail found in a well-executed 
process-based LCA, due to a high level of aggregation in industry or commodity.  
For this study, methodology of a hybrid LCA model was utilized. EIO-LCA was 
used to account for only the production of building materials. The construction, 
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operation, maintenance and demolition phases were accounted for separately by LCA 
method. Building materials embodied energy was evaluated by the authors and the 
data were obtained from Thailand government database. Building material prices 
were obtained from the Ministry of Commerce of Thailand. All data relevant to 
construction machines and equipment used on-site, and transportation distances of 
construction materials to the construction site were obtained from the building 
contractor and suppliers records.  
Operating energy for this building includes energy used for cooling, ventilation, 
lighting and equipment. Usage schedule for the building is 8 hours in a day through 5 
days of a week. The energy consumption results obtained by analysis for the building 
were compared with available electricity records. Energy consumption estimation for 
the maintenance phase was computed based on estimated life span of materials.  
The last phase of a building’s life is demolition. The traditional demolition process 
often results in landfill disposal of majority of materials and energy consumption at 
this phase is chiefly due to the operation of demolition machinery. The transportation 
assumed to be the distance from the Central Business District (CBD) of Bangkok 
where the studied building is located to the landfill site measuring about 50 km. 
Finally the energy requirements for the demolition equipment and transportation of 
waste to landfill site were summed up to the total energy requirement for the 
demolition phase. Then the case study building LCE was calculated using Eq. 
LCE = EEi + EErec + (OE * Building life time)      (J)                   (3.2)   
Where LCE: life cycle energy; EEi : initial embodied energy; EErec : recurrent 
embodied energy (for future maintenance); OE: total annual operating energy.  
The results of the LCEA revealed that the operation phase is much more than other 
life cycle phases. It accounted for almost 81% of the LCE consumption. The LCE 
share of energy consumption of the manufacture phase was also found to be 
significant (17%). Comparison of the embodied and operating energy of the building 
over its 75 years life span indicated that the embodied energy is 15% of the operating 
energy and this is quite an important issue, because it equal to about 11 years of the 
building’s operating energy requirement.  
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Figure 3.4 : Distribution of the energy consumption by phase. 
One simple solution to reduce the building load is switching off office equipment and 
lightening during lunch breaks which have a period of 1h. This strategy does not 
compromise the occupants thermal comfort nor impair their performance as the 
office is assumed to be unoccupied at this period. Shutting down the building 
systems for 1 hour has been experimented with in some government offices in 
Thailand with the agreement of the occupants as an effective way of reducing energy 
consumption.  
Windows absorb and transmit a significant amount of solar energy which increases 
the cooling load of buildings. Therefore, improving window performance and finding 
the optimum amount for window to wall ratio was another option examined as a 
means of reducing solar heat gain and, energy consumption in buildings. Also, 
proper window selection can reduce heat gain through windows because glazing has 
been found effective in reducing the heat transmission through glass while still 
allowing natural light (Scheuer, 2003). 
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4.  LCE CALCULATIONS AND SIMULATIONS  
The most important tool currently being used to determine the impacts of building 
material is life cycle assessment. LCA can be defined as a methodology for assessing 
the environmental performance of a service, process, or product, including a building 
over its whole life cycle (Kibert, 2005). Too many literature are study embodied 
energy of the materials and operating energy of different buildings during their use 
phase. Through this process; different studies based on parameters, factors and 
databases such as Ecoinvent Unit process database, Franklin USA 98 database and 
Gabi database are available. Besides, values of embodied energy and amount of gas 
emission from each are different from one country to another because of energy 
production,fuel type, transformation process, technology of the system and how these 
factors change over time (Sartori, Hestnes, 2007). Nevertheles, we use Inventory of 
Carbon and Energy (ICE) database for carbon footprint studies. As we are comparing 
different wall types, so it does not affect the results.  
Life cycle of each building have steps that starts from exploitation of the material 
until factory (cradle to gate) and production then from factory to construction site, 
shown in Figure 4.1. Cradle to gate is equal to sum of embodied energy, greenhouse 
gas emission and other gas emissions. For this study, first embodied energy and 
embodied carbon of each wall according to ICE database was calculated, and then 
Gabi simulation software used to calculate CO2 emission during transportation of 
materials from England to the site. 
Use phase starts with the occupants and their demand for electricity, heating and 
cooling, which is calculated with DesignBuilder simulation software. The last stage 
of the LCA according to ISO 14040 is disposal and consequently the emission parts. 
On-site construction and demolition contribute almost 1% of LCA at the end of its 
service life, both are ignored through this study (Ramesh, Prakash, Shukla, 2012).  
This study does not calculate effect of other gas emissions and disposal.  
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Figure 4.1 :  cradle to grave process. 
Therefore for this study Formula 4.1 used to calculate the life cycle assessment of 
the buildings. First of all embodied energy of both buildings will be calculated and 
then CO2 emission of them will be added to the LCA result. Moreover, CO2 emission 
through transportation from factory the site calculated and then yearly operating 
energy added to the last results. Each process will be discuss through separate parts 
and will show that how much it can affects the results.  Moreover, quantity of the 
materials are estimated from the technical drawings of the buildings and EBE of the 
building is calculated by summing up the product of quantity of materials multiplied 
by their embodied energy per unit quantity.  
                                            LCA = ΣmiMi + ΣmiCi + Ti + EALb                            (4.1)               
mi : the quantity of building material.  
Mi : the embodied energy of material (i) per unit quantity.  
Ci  : the embodied carbon of material (i) per unit quantity. 
Ti : the CO2 emission through transportation. 
EA : the annual operating energy (primary).  
Lb : the lifespan of the building. 
4.1 Calculating the Embodied Energy of both Buildings 
Embodied energy data should be calculated in terms of gigajoules per ton of 
material. For calculating the embodied energy of an element in the building, the mass 
of each material in meter cube of the element is multiply by density and then it 
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multiplies with embodied energy values. The sum of these individual material 
components will be expressed embodied energy in GJ and kWh. There is not 
sufficient amount of data about the embodied energy of the materials in Turkey, so 
we suppose that all the materials are import from England since most embodied 
energy data are related to the University of Bath. 
Table 4.1 : Technical details and embodied energy of materials in walls for home 
(Menzies, 2011; Hammond, Jones, 2008). 
 Material Density 
Kg/m3 
Material 
Quantity m3 
Embodied 
energy 
MJ/Kg 
Density * 
Quantity * 
Embodied 
energy MJ  
 
Wall type 
1 
Stucco 
Cast concrete 
Aerogel 
Marble tile 
1800 
2000 
120 
2800 
5.82 
46.6 
6.11 
8.73 
1.8 
0.75 
53 
3.33 
18856 
69900 
38859 
81398 
 
Wall type 
2 
Stucco 
Softwood 
Rock wool 
Laminated timber 
1800 
510 
92 
470 
5.82 
11.64 
23.28 
26.19 
1.8 
7.4 
16.6 
12 
18856 
43929 
35553 
147711 
 
Wall type 
3 
Stucco 
Aerated concrete 
EPS 
External rendering 
1800 
500 
25 
1300 
5.82 
49.47 
3.78 
5.52 
1.8 
3.5 
109.2 
10 
18856 
86572 
10319 
71760 
 
Table 4.2 : Technical details and embodied energy of materials in walls for office 
(Menzies, 2011; Hammond, Jones, 2008). 
 Material Density 
Kg/m3 
Material 
Quantity m3 
Embodied 
energy 
MJ/Kg 
Density * 
Quantity * 
Embodied 
energy MJ  
 
Wall type 
1 
Stucco 
Cast concrete 
Aerogel 
Marble tile 
1800 
2000 
120 
2800 
6.98 
55.92 
7.33 
10.47 
1.8 
0.75 
53 
3.33 
22627 
83880 
46630 
97677 
 
Wall type 
2 
Stucco 
Softwood 
Rock wool 
Laminated timber 
1800 
510 
92 
470 
6.98 
13.96 
27.93 
31.42 
1.8 
7.4 
16.6 
12 
22627 
52714 
42663 
177253 
 
Wall type 
3 
Stucco 
Aerated concrete 
EPS 
External rendering 
1800 
500 
25 
1300 
6.98 
59.36 
4.53 
6.62 
1.8 
3.5 
109.2 
10 
22627 
103886 
11686 
86112 
As shown in Figure 4.2, the contribution of each material embodied energy in the 
wall presented. Quantity of stucco for all wall types is constant amount so the EBE 
will be the same. Wall type 3 with aerated concrete and EPS have the minimum EBE 
among others while the second wall with soft wood, rock wool and laminated timber 
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with total 246049 MJ have maximum of that. Dark blue, light green and orange color 
show the amount of insulation at each wall. Aerogel insulation  represent almost 19% 
of whole embodied energy in wall type one while the rock wool depict 15% effects 
on wall type 2 and EPS in wall 3 just include 9% of whole wall since a little amount 
of that used. Besides, in wall three aerated concrete was used as insulation. External 
surface of these walls have considerable difference between each other. As figure 1 
shows, marble tile have 81398 MJ embodied energy, which is more than 39% of 
whole EBE of wall type 1. Laminated timber with 147711 MJ embodied energy 
includes almost 60% of wall type 2. 
 
Figure 4.2 : embodied energy of each wall. 
Considering each material in a wall may be a better choice to compare embodied 
energy, because most of the materials have limitation about their thicknesses and we 
do not allow using thinner than that amount. Therefore, if the wall will design to be 
thinner, the embodied energy of whole wall will be reducing. 
4.2 Calculating the Embodied Carbon of both Buildings 
Embodied carbon data should be calculated in terms of Kg CO2 per Kg of material. 
For calculating the embodied carbon of an element in the building, the mass of each 
material in meter cube of the element is multiply by density and then it multiplies 
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with embodied carbon values. The sum of these individual material components will 
be expressed embodied carbon in Kg CO2/kg.  
In terms of embodied CO2, all three types of walls have impacts between 11000 and 
19000 kg CO2/kg. Cast concrete in the first wall contains 53% of whole CO2 
emissions. 
Table 4.3 : Technical details and embodied carbon of materials which are used in 
walls for home (Menzies, 2011; Hammond, Jones, 2008). 
 Material Density 
Kg/m3 
Material 
Quantity 
m3 
Embodied 
Carbon kg 
CO2/kg 
Embodied 
Carbon Kg 
CO2/kg 
 
Wall type 
1 
Stucco 
Cast concrete 
Aerogel 
Marble tile 
1800 
2000 
120 
2800 
5.82 
46.6 
6.11 
8.73 
0.12 
0.107 
4.2 
0.187 
1257 
9972 
3079 
4571 
 
Wall type 
2 
Stucco 
Softwood 
Rock wool 
Laminated timber 
1800 
510 
92 
470 
5.82 
11.64 
23.28 
26.19 
0.12 
0.39 
1.2 
0.45 
1257 
2315 
2570 
5539 
 
Wall type 
3 
Stucco 
Aerated concrete 
EPS 
External rendering 
1800 
500 
25 
1300 
5.82 
49.47 
3.78 
5.52 
0.12 
0.3 
4.39 
0.65 
1257 
7420 
414 
4664 
Table 4.4 : Technical details and embodied carbon of materials which are used in 
walls for office (Menzies, 2011; Hammond, Jones, 2008). 
 Material Density 
Kg/m3 
Material 
Quantity 
m3 
Embodied 
energy 
MJ/Kg 
Embodied 
Carbon Kg 
CO2/Kg 
 
Wall type 
1 
Stucco 
Cast concrete 
Aerogel 
Marble tile 
1800 
2000 
120 
2800 
6.98 
55.92 
7.33 
10.47 
0.12 
0.107 
4.2 
0.187 
1508 
11966 
3694 
5485 
 
Wall type 
2 
Stucco 
Softwood 
Rock wool 
Laminated timber 
1800 
510 
92 
470 
6.98 
13.96 
27.93 
31.42 
0.12 
0.39 
1.2 
0.45 
1508 
2778 
3084 
6646 
 
Wall type 
3 
Stucco 
Aerated concrete 
EPS 
External rendering 
1800 
500 
25 
1300 
6.98 
59.36 
4.53 
6.62 
0.12 
0.3 
4.39 
0.65 
1508 
8904 
496 
5596 
In terms of embodied CO2, all three types of walls have impacts between 11000 and 
19000 Kg CO2/Kg. Cast concrete in the first wall contains 53% of whole CO2 
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emissions. Laminated timer in second wall with 48% effect and aerated concrete in 
the third wall with 54% footprint are main materials in each wall that have maximum 
impacts. Among these insulations, aerogel with 3078 and rock wool with 2569 kg 
CO2/kg have close CO2 emissions, despite being different in the volume amount (24 
m3 for wool and 6 m3 for aerogel). 
 
Figure 4.3 : embodied carbon of each wall 
As we can distinguish from figure 4.3, wall type 1 with total 18869 kg CO2 has 
maximum impact, while the wall type 2 has 38% less embodied carbon than first 
wall, and wall type 3 has 27% less embodied carbon. Several observations can be 
achieved from fig. 4.3, since the thickness, density and the quantity of material have 
important role at evaluating the footprint of each building.  
4.3 Transportation 
This study attempts to calculate the CO2 emission during transportation with 
different vehicles such as, truck and ship. Most of the information about the 
embodied energy and embodied carbon of materials derived from Sustainable Energy 
research team of BATH University. Therefore, assuming that we are importing all 
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material from UK is more logical. Distance between UK port and Turkey is almost 
6000 KM. We assume that in both countries the distance from factory to the port and 
from port to the construction site is 100 Km. Gabi simulation used to calculate the 
CO2 emission during transportation. Inputs for this software include distance and 
material weight while the total volume of the walls is almost 67 m3.   
Processes, flows and plans, in Gabi are used to construct a model where the aim is to 
represent a selective and conventional demolition. A process is for example 
production of diesel, concrete or any kind of raw material. Processes have inputs, for 
instance crude oil, as well as outputs, such as diesel, carbon dioxide, global warming 
potential and acidification. Flows connect the processes to each other, for instance 
energy and weight of cargo can connect the truck and ship and then the distance for 
each vehicle have to put into the input data (Kuikka, 2012). Finally, plans are where 
the processes and flows are incorporated to flowcharts. Plans may be connected to 
one another. For this project wall quantity for each type in kg put into the input data 
and after simulation the results are in table 5 and in kg CO2/kg.  
Table 4.5 : CO2 emission during transportation for home material. 
Table 4.6 : CO2 emission during transportation for office material. 
Wall type Wall quantity (kg) kg CO2 emission 
1 157103 14000 
2 37651 3370 
3 51840 4640 
Wall type Wall quantity (Kg) Kg CO2 emission 
1 128773 11500 
2 30862 2760 
3 42492 3800 
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From Table 4.5, wall type 1 with total 128773 kg has maximum amount of CO2 
emission, while wall type 2 with 30862 kg is the lowest. Therefore, the wall with 
maximum weight has higher CO2 emission during transportation. Table 6 also shows 
the CO2 emission for office, which has little bit more quantity of materials.  
Like the other studies, the GaBi impact assessment selects data that is the most 
important to report. Carbon dioxide is discussed in detail because it can be easily 
converted into a Carbon Intensity Factor (CIF) and compared to the assortment of 
other studies, but other impact assessment categories are left out because of 
insufficient data, and because the purpose of this study is to illustrate variability 
among assessments, not complete a thorough LCA. This is the danger in the 
communication of LCAs to the intended audience and to the public. Because of time 
and data considerations, the GaBi models are incomplete, and it is difficult to make 
any definitive conclusions about which material has a lower CIF and overall 
environmental impact unless further research is performed. LCAs should have 
broader time frames to include all relevant information, not just what the researcher 
has time for and wants to study in detail. Lack of time and detail explains why there 
is so much variability among the body of research performed on commercial 
structures so far (Lisbeth Hsu, 2009). 
Whole CO2 emission through exploiting the material to the site is gathered in figure 
4.4 Wall type 2 have minimum footprint while wall type 1 have maximum effect on 
the environment. From the figure, it is distinguishable that for wall type 1 CO2 
emission during transportation increases the footprint almost 61% while this 
percentage for light materials is almost 22%. Therefore, transporting heavy materials 
may increase the CO2 emission more than 60% of whole embodied carbon of the 
building.  
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Figure 4.4 : Whole CO2 emission from cradle to site. 
4.4 Operating Energy 
The operation phase includes energy for space heating, cooling, and ventilation, 
appliances, miscellaneous, catering and lighting. The hot water demand and 
electricity consumption largely depend on the users. Since the building construction 
has minimum impact on the energy demand for hot water and household electricity. 
These demands were regulate for all buildings using Turkish Standard Institution 
(Turkish Standard Regulations, 2008).  
4.4.1 DesignBuilder simulation program 
Many energy flows take place between building and its environment. One of the 
challenges in the design process is to understand the interaction between various 
aspects of building performance and their implications on different buildings control 
systems. There is considerable uncertainty in assessing the performance of a design if 
the dynamic and integrated response of the building and its environmental systems is 
not taken into account. 
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Building energy simulation is a computer model of the several energy transfer 
processes within a building. Over the past 50years, a wide variety of building energy 
simulation programs have been developed, enhanced and are in use. The core tools 
are the whole building energy simulation programs that provide users with key 
building performance indicators such as energy use and demand, temperature, 
humidity and costs. 
In this case study, ‘design builder’ simulation program is used in assessing the 
energy performance of the building. Several data about climate, site, physical 
properties such as geometry and the building constructions, heating, cooling, 
performance of the HVAC systems, lighting systems and building activities are the 
required. These are the input for the advanced modeling and calculations. First the 
virtual building is modeled, then input data is loaded to this model, then building is 
analyzed and results are obtained. 
Design builder is the user friendly graphical interface of EnergyPlus dynamic 
thermal simulation engine. It combines building modeling with dynamic energy 
simulation. DesignBuiler version 3 is used for the simulation in this work.  
Template data allow loading common building constructions, activities, HVAC and 
lighting systems into design. Heating and cooling loads, calculating heating and 
cooling equipment sizes, heat transmission through building fabric including walls, 
roofs, infiltration and ventilation, thermal simulation of naturally ventilated 
buildings, evaluating façade options for overheating and visual appearance, day 
lighting models lighting control systems and calculates saving in electric lighting, 
visualization of site layouts and solar shading, site weather data, internal air, mean 
radiant and operative temperatures and humidity, CO2 generation, comfort output 
including under heating and over heating hours, fuel use and… etc. Simulation data 
is shown in annual, monthly, daily, hourly or sub-hourly intervals. Here we just need 
annual simulation results.  
DesignBuilder enables many detailed modeling options related to building facades:  
 Glazing systems including frames, dividers, reveals are modeled in detail. 
 Shading by louvers, overhangs as well as internal and mid-pane blinds can be 
optimized. Also, application of electrochromic glazing and transparent 
insulation are possible.  
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 Glazed cavities such as double façades and trombe walls can be modeled.  
 Architectural features such as columns and complex shading devices can be 
treated including the effect of shading and reflection.  
 Daylighting-lighting control systems can be modeled using one or two 
lighting sensors per each zone and saving in electric lighting can be 
calculated.  
4.4.2 Simulation application of case study building 
Blocks are the basic objects use to create a DesignBuilder model. A block represents 
the outer shell of the model or part of the model. A finished block comprises a set of 
building elements, which may include external walls, roofs and floor slabs, ground 
floor, the thickness of which are determined from the current building construction 
model data. Similarly, using opening model data, block façade are automatically 
created with the required configuration of windows, doors, vents and stairs. A block 
may be divided internally into any number of zones by drawing partitions and where 
needed, voids or courtyards can also be incorporated while for this study the void 
between floors make it possible to consider the whole building as a single zone 
because airchange will be occur.  Standard zone is considered to be occupied and 
heated or cooled space. 
4.4.2.1 Zones 
Both of buildings have only one zone which compromises service and circulation 
areas such as stairs in the upper floors. The void in the middle of buildings is 
enclosed at the third level but it is open in both first and second level. This may have 
affects the thermal behavior of the whole parts of the building. Case studies are 
related to two buildings; first a house with three levels and second is an office with 
same number of levels and 154.8 m2 occupied area that located in Istanbul, Turkey. 
Three story house with 152 m2occupied floor areas that occupants stay 12 hours a 
day at home except holidays. The building 3D model can be seen in figure 4.5.  
After the modeling task is completed, mechanical system is defined. Energy 
performance of a building is related with physical system is defined. Energy 
performance of a building is related with physical properties as well as mechanical 
system properties. Building technical requirements determine the mechanical system 
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sizes. These requirements such as air temperature, air speed, humidity, lighting and 
air quality are closely related with building function.  
 
 Figure 4.5 : 3D virtual model of the building.  
4.4.2.2 Gains data 
Before defining the mechanical system, Model Options data is configured in the edit 
screen. Edit screen tab consists; gain data, timing, HVAC and ventilation.  
There are three levels of gains model detail: Lumped, Early and Detailed. For 
different part different data is chosen in this model. For example, detailed data used 
for materials of each wall while for mechanical system early model of data put to the 
program.   
4.4.2.3 Timing 
There are two approaches for timing: Typical workday and Schedules. Timing is 
defined using the schedule which is more flrxible nad profiles mechanism which 
allows each day of the week to have a different profile than a typical workday 
approach. Also, lighting system is complettly automatic while the HVAC system, the 
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appliances, office equipment and other electrical things have special time for 
themselves.  
4.4.2.4 HVAC 
HVAC can be defined as Simple or Compact. Options for HVAC sizing are 
Adequate, Manual, Autosize when not set. Here, Simple HVAC with Manual sizing 
is chosen. Hvac Systems are defined using plant seasonal efficiency data and are 
modeled outside EnergyPlus.  
4.4.2.5 Natural ventilation 
Natural ventilation can either be Scheduled or Calculated. In this model Scheduled 
ventilation is chosen. Ventilation is defined as an air change rate modified by an 
operation schedule and controlled using a set point temperature.  
After Model Options is completed, then mechanical system input file is defined. 
Heating and cooling set point, ventilation and infiltration rates and heat recovery 
efficiency are applied to model for calculations. According to TS 825 set point 
temperature adjusted to 190 C and the setback temperature used to be 150 C that 
means when occupants are not in the buildings the heating system does not let 
temperature to become less than 150 C (Turkish Standard, 2008). 
Table 4.7 : Mechanical system input (0 C: Degree Celcius, ac/h: Air change per hour, 
%: Percentage). 
System Set point 
Heating set point 
Set back temperature 
Cooling 
Ventilation rate 
Infiltration rate 
Heat recovery efficiency 
190 C (assume ventilation) 
150 C 
250 C 
0.45 ac/h 
0.05 ac/h 
75% 
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These data is edited under Activity tab at building level. When it is applied in 
building level, it is available for all blocks and zones within the building.  Moreover, 
density of 0.024 person per m2 modified for both functions so the number of 
occupants in both buildings are calculated to be four person. 
 
Figure 4.6 : Activity tab. 
Activity template for the house set to be domestic lounge and for the office set to be 
general office, both as a single zone. So we do not separate the zone such as toilets or 
kitchens from each other and suppose that in all part of the building the temperature 
is constant and it is 190 C.  
4.4.3 Construction tab 
This study uses three different wall types with 3 different U values and thickness of 
almost 0.23 meters. According to TS 825 (2008) the standard wall for Istanbul 
should have 0.6 W/m2K  and 0.4 W/m2K for flat roof and 0.6 W/m2K  for ground 
floor. For this study three different wall types were considered with different U 
values and different materials. The U value for all glazing types set to be 2.4 
W/m2K. Tables below shows the detailed feature of each wall type, which stucco is 
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the inner face of the wall and marble tile, laminated timber and external rendering are 
the external part of the wall.  
Table 4.8 : Wall type 1. 
 
 
 
 
Table 4.9 : Wall type 2. 
 
 
 
 
Table 4.9 : Wall type 3. 
 
 
 
 
The life cycle analysis (LCA) recommends the use of PCM in buildings (Cabeza, 
Barreneche, Miro, Morera,  Bartoli, Fernandez, 2013). There are different ways to 
use aerogels for insulation applications. Properties of an aerogel product strongly 
depend on the preparation. In thermal insulation, aerogel products show outstanding 
performance compared to traditional materials (Rovers, Kimman, Rovesloot, 2010).  
Using aerogel between two concrete should be valuable, so the first wall consists of 
two cast concrete with aerogel between them. Timber is the predominant material for 
structural and cladding systems, so the second wall designed to include timber 
products. (Thiel, Campion, Lanndis, Jones, Schaefer, 2013). To challenge the issue 
the third wall chose to design with aerated concrete and EPS (expanded polystyrene).    
Material Thickness (m) U-value W/m2K 
Stucco 
Cast concrete 
Aerogel 
Cast concrete 
Marble tile 
0.019 
0.08 
0.02 
0.08 
0.03 
 
 
0.559 
Material Thickness (m) U-value W/m2K 
Stucco 
Cast concrete 
Aerogel 
Cast concrete 
Marble tile 
0.019 
0.08 
0.02 
0.08 
0.03 
 
 
0.559 
Material Thickness (m) U-value W/m2K 
Stucco 
Aerated concrete 
EPS 
External rendering 
0.019 
0.17 
0.013 
0.019 
 
0.6 
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In the case of aerogel insulation plates performance depends on binder and can be 
positively influenced by choosing the right binding materials (Schmidt, 
Schwertefeger, 1998). The aerogel specification is to keep the heat and give it back 
to the building or viceversa; moreover, the purpose could also be to optimize the 
thermal properties and thus try to minimize radiation through the material (Berge, 
Johansson, 2012). Design builder software cannot precisely calculate this feature of 
aerogel, so the result for heating and cooling should be less than mentioned amount 
in future tables. The calculations of aerogel in Design Builder software were done as 
the same as other materials.  
4.4.4 Building energy analysis 
Home electricity and lighting for all walls are the same, since changing the wall type 
does not effect them. Home heating for both of the wall one and wall three are the 
same because they have close U value, whereas building with laminated timber wall 
has minimum heating consumption. During future life cycle analysis we will not 
consider the office cooling, because it does not considered at home. 
 
Figure 4.7 : Operating energy for home and office. 
Figure 4.7 shows the distribution of different operating energies in two building. For 
both home and the office wall type 2 consumes less energy because its U value is 
less than the other two walls. Wall type 3 consume a little bit more energy than wall 
type one and this is because of the little difference between U values of them. 
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5.  CONCLUSION 
Despite climate and other differences, the study of some residential and non-
residential cases from nine countries revealed a linear relation between operating and 
total energy (Sartori, Hestnes, 2007). Figure 5.1 shows the life cycle energy of two 
buildings with 3 wall type in a home and an office over 5, 10, 15 …, and 50 years. It 
includes embodied energy of the whole external façade at the end of construction, 
embodied carbon from cradle to gate, and the operating energy. This amount will 
increase gradually during usage phase of the building. Since each year, both 
buildings consume high amount of energy to prepare comfort condition for 
occupants.  
According to Figure 4.4, transporting heavy material such as cast concrete is not 
logical and if we add this amount to the LCA result, it should affect the results and 
draw off reality so for reaching more actual results, the transportation emission from 
gate to site does not added to LCA results. Moreover, removing this data from life 
cycle assessment will help us to access the results for regions that have close climate 
to the Istanbul.  
Figure 5.1 consists of two different triple lines. The first triple relates to the house 
with three different wall types and second triple relates to the office with same wall 
types. LCA amounts increases annually as each year the building consumes some 
energy. It is obvious that due to aging, defects and material obsolescence the 
performance of all walls will be reduce but as this fact occurs for all walls, it does 
not change the results much more.  
In construction part, first triple lines depict that home with wall type 1 has the 
highest life cycle among others. The third wall type for the home and the office has 
minimum life cycle assessment. During usage phase building with wall type 1 and 3 
consumes more operating energy. Yearly energy consumption adds up to the 
previous year and through each 5 year the total amount rolled in (Figure 4.7).  
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Wall type one with higher embodied energy, higher embodied CO2 and mean U 
value is pioneer in LCA during all 50 years. Comparing wall type two and three at 
each triple shows that the wall type 2 has embodied energy and embodied carbon 
more than wall type 3 while it has less U value. After 10 years, LCA for all wall 
types becomes almost the same and after 15 years buildings with wall type 1 and 3 
passes wall type 2. During 50 years usage phase, LCA of building with wall type 3 
become closer to the building with wall type 1.  
From Figure, 4.4 and 5.1 we can conclude that second wall in every building is the 
better choice albeit the building should be used more than 10 years even if it has high 
embodied energy. Moreover, this type of wall has minimum impact on environment 
because of its lower weight, also it releases minimum amount of CO2 through 
transportation. 
 
Figure 5.1 : LCA of two building during 50 years life span 
The building industry uses great quantities of raw materials that also has high amount 
of energy consumption. Choosing materials with high-embodied energy not only 
cause high level of energy consumption in the building production stage but also 
determines future energy consumption in order to fulfil heating, cooling, ventilation 
and air conditioning demand (Bribian, Capilla, Uson, 2011).    
Therefore, outcomes of this paper summarized as:  
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 Thickness, quantity and density of each material play an important role in 
embodied energy of a wall. Laminated timber with embodied energy of 12 
MJ/Kg and density of 470 is tolerable among the other materials of table 4. In 
the time, using high amount of laminated timber in wall type 2 caused high 
amount of embodied energy among other walls.   
 Insulation materials in each wall has the highest embodied energy and 
embodied carbon, so finding the optimum amount of insulation in each wall 
helps to reduce the EBE and CO2 emission.  
 Cast concrete with high density is not a good choice for importing, since 
plenty of cast concrete should be used to reach the desired U value except 
using more aerogel that increase both EBE and EBC. 
 The U value for wall type 2 is less than the other two walls, accordingly 
operating energy consumption by the building with wall type 1 and 3 will be 
more than the second wall and this variation will be gradually increase during 
the usage phase.  
 Building with laminated timber and aerated concrete is superior to the cast 
concrete. Moreover, if we do not intend to substitute the second wall material 
before 10 years laminated timber with soft wood and rock wool should be the 
right choice.  
 Even using aerogel between layers of cast concrete does not a good solution 
for building industry, because CO2 emission of such wall is high.  
 Although laminated timber is one of the privilege materials, but using thick 
layer of that in façade flourish the embodied energy and using thin layer of 
that may disturb the performance of the façade.  
 For most of the buildings around the world with close climate to Istanbul that 
are made with aerated concrete and EPS are preferable to cast concrete and 
aerogel.  
 Different wall types have different embodied energies, which are between 
25% and 40% of its operating energy over 25 years period. While this amount 
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reduces over 50 years life span of building. For this home, the consumption 
from cradle to site of wall type one is 20% of whole LCA through 50 years. 
This amount for wall type 2 is 17% and for wall type 3 is 14%. The results 
for the office are almost the same. Energy consumption until the start of the 
usage phase of the building for office in wall type 1 is 19%, for wall type 2 is 
16% and for wall type 3 is 14% of total life cycle. 
With reducing the operational energy, the impacts of embodied energy increases 
(Moncaster, Symons, 2013). Rarely the building demolishes before the end of its life, 
unless, natural disasters such as earthquake does not happen. Therefore, evaluating 
the life span of each wall will help us to decide more confidently about the 
performance of that. For future studies, it should be a good opportunity to do some 
durability tests in laboratory. 
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Figure 3.1 : Figure captions must be ended with a full stop. 
 (3.1) 
 
 
 
6.  CONCLUSION 
6.1 Conclusion 
Despite climate and other differences, the study of some residential and non-
residential cases from nine countries revealed a linear relation between operating and 
total energy (Sartori, Hestnes, 2007). Figure 5.1 shows the life cycle energy of two 
buildings with 3 wall type in a home and an office over 5, 10, 15 …, and 50 years. It 
includes embodied energy of the façade at the end of construction, embodied carbon 
from cradle to gate, and the operating energy. This amount will increase gradually 
during usage phase of the building. Since each year, both buildings consume high 
amount of energy to prepare comfort condition for occupa 
